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Design and Development of GSR Biofeedback Device 

 

Maryam Hashemi  

MSc., Department of Biomedical Engineering, Science and Research Branch, 

Islamic Azad University, Tehran, Iran 

 

Abstract  

It has been a long time that human is interested in learning how to control involuntary 
actions such as heartbeat, blood pressure, breathing, etc., so a lot of research has been 
done on this issue so far. One of the methods using in this field is biofeedback, in which 
someone can roughly control an involuntary action or having better control over 
some voluntary actions such as muscle contraction through some visual or audio 
feedback from those actions. This study is to design and development of one 
biofeedback instrument, which is GSR (Galvanic Skin Response), and examine some 
signals that have been taken by this device. 

Keywords:  Galvanic skin response (GSR), biofeedback, signal acquisition, relaxation training, 
lie detection 

 

1. Introduction  

We have always thought that our mind is in our brain but there is much scientific evidence 
that shows our mind is in our whole body and our brain is just a simple control center. This 
even explains the phenomenon that every living cell reacts to all our thoughts and feelings. 
Moreover, this phenomenon makes biofeedback significantly effective. Through this feedback, 
we can teach people to be relaxed and healthy by control their thoughts and feelings [9]. 
Despite the human interest in gaining control and changing physical actions using mental 
factors, biofeedback expression had not invented until 1969 when the first US biofeedback 
association meeting was held. And there were not significant scientific experiments about the 
relation between mind and body. Biofeedback has not been accepted by many psychologists 
until Miller who worked on operant conditioning with animals indicated in 1969 that some 
physiological actions which were thought to be involuntary can be controlled. Other studies 
also showed that using biofeedback, it is possible to gain more control over the autonomic 
nervous system. This control also included heartbeat, Weiss, and Engel in 1971, and blood 
pressure, Benson, Shapiro, Tursky, and Schwartz in 1971, [5]. Many specialists from 
psychologists to dentists, nurses, and physiotherapists use biofeedback as a tool for treatment. 
Patients are taught various forms of relaxation training. They learn to detect the 
circumstances, which cause disease symptoms in them and how they can cope with stressors 
or avoid them. Most of them are encouraged to change some of their habits and to gain more 
self-control through some special techniques [2]. Different types of biofeedback are EMG, EEG, 
GSR, HRV, and respiration. 

The first ÔÉÍÅ ÔÈÁÔ '32 ×ÁÓ ÍÅÎÔÉÏÎÅÄ ÉÎ ÐÓÙÃÈÏÌÏÇÉÃÁÌ ÒÅÓÅÁÒÃÈ ×ÁÓ ÉÎ ȰÓÔÕÄÉÅÓ ÉÎ ×ÏÒÄ 
ÁÎÁÌÙÓÉÓȱ ×ÒÉÔÔÅÎ ÂÙ #ÁÒÌ 'ÕÓÔÁÖ *ÕÎÇ ÉÎ ρωπφȢ )Î ÔÈÉÓ ÂÏÏËȟ ÔÈÅ 3×ÉÓÓ ÐÓÙÃÈÏÌÏÇÉÓÔ ÅØÐÌÁÉÎÅÄ Á 
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ÍÅÔÈÏÄ ÉÎ ×ÈÉÃÈ Á ÐÁÔÉÅÎÔȭÓ ÓËÉÎ ÉÍÐÅÄÁÎÃÅ ÉÓ ÍÅÁÓÕÒÅÄ ÂÙ ÁÎ ÉÎÓÔÒÕÍÅÎÔ ×ÉÔÈ ÓÏÍÅ 
electrodes that are connected to their hand. It works as words in a list are read to an individual 
one by one, if one of the words in the list has sentimental value, skin impedance will change 
and it causes GSR device pointer to move. Words, which make greater responses in GSR 
instrument than usual, determine the fields that caused discomfort for the person. These fields 
will be examined in detail in psychotherapy sessions. Jung used the GSR device as a display to 
ÄÅÔÅÒÍÉÎÅ ÔÈÅ ÐÒÏÐÅÒ ÔÒÁÃË ÆÏÒ ÅÖÅÒÙÏÎÅȭÓ Ôreatment [6]. Today, GSR device is used in items 
like physiological biofeedback, lie detection, measurement of stress, arousal and emotional 
excitement level, measurement of response level to different stimuli and relaxation training 
[4]. Skin resistance or its converse, conductance, can be described as two forms of Tonic and 
Phasic. A tonic response usually is called Skin Resistance Level (SRL) or its converse Skin 
Conductance Level (SCL). phasic response is resistance or conductance changes according to 
events that happen. These changes usually are called Skin Resistance Response (SRR) or its 
converse, Skin Conductance Response (SCR). These phasic changes are often simply called GSR 
[7]. 

According to the electrical circuit model of sweat glands, which was presented by Edelberg in 
1972, sweat ducts act as a group of variable resistors that are connected parallel to each other 
beneath the skin. Considering sympathetic nervous system activity caused by an emotional 
event or mental stress, sweat amount in these ducts is increased and when ducts are filled 
with different amounts of sweat a path is created in stratum corneum. Hence, when sweating 
increases, resistance decreases in variable resistors and creates a more conductive path. The 
level of this conductance corresponds to sweat amounts in sweat ducts as well as the number 
of activated sweat glands. Therefore, the resistance changes that are recorded and measured 
by GSR depend on mental and emotional changes in everyone. Since, Eccrine glands density is 
more in palms of hands and soles of feet rather than other parts of the body, GRS signal 
recoding and measurement is usually done from the palm of the hand [3]. 

This study aim is to design and develop of GSR device which can be used for stress level 
detection and relaxation training. For doing this constant current source method was used to 
measure skin resistance level and changes which were then displayed on both a computer 
screen and an LED bar-graph. Moreover, some signals which were taken by this instrument 
will be examined as well in two fields of relaxation training and lie detection. The rest of this 
paper is organized as follows. In section II, hardware and software parts of the instrument are 
explained in detail. In section III, some signals which have been recorded by this device in 
relaxation state and lie detection will be illustrated and analyzed and section IV is the 
conclusion of our work. 

2. GSR Acquisition 

Generally, GSR recording is done in two ways of applying constant current and measurement 
of skin resistance level (SRL) and its changes (SRR), or applying constant voltage and 
measurement of skin conductance level (SCL) and it changes (SCR). In the constant voltage 
method, only skin resistance level and voltage source internal resistor limits the current, so it 
ÓÈÏÕÌÄ ÂÅ ÃÁÒÅÆÕÌ ÔÏ ÐÒÅÖÅÎÔ ÐÁÓÓÉÎÇ ÅØÃÅÓÓÉÖÅ ÃÕÒÒÅÎÔ ÔÈÒÏÕÇÈ ÐÅÏÐÌÅȭÓ ÂÏÄÉÅÓ ÔÈÁÔ ÈÁÖÅ ÌÏ× 
skin resistance levels. While, in the constant current method, the current is always the same 
ÒÅÇÁÒÄÌÅÓÓ ÏÆ ÏÎÅȭÓ ÓËÉÎ ÒÅÓÉÓÔÁÎÃÅ ÌÅÖÅÌȢ !ÌÔÈÏÕÇÈ Direct current (DC) is often used for 
resistance changes measurement, alternating current can also be used for GSR recording. No 
frequency range has been determined for this purpose yet. Mclendon and Hemingway (1930) 
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observed that resistance changes which obtained by DC current applying are 45 times greater 
than changes measured in 1.5 MHz frequency. Daroge and Nicholes used 60 Hz, Tolles and 
Carberry used 5 Hz and Taylor used 65 Hz frequency. Faroge and Nicholes stated that GSR 
amplitude decreases with frequency increase and there is an insignificant response for 
frequencies more than 1 KHz. They found that the obtained response for 60 Hz frequency was 
half of the measured response for DC current. 

Similar results reported by Yokota and Fujimori in 1962 stating that impedance changes 
amplitude decreases by frequency increase. Regardless of physiological issues, increasing 
current amplitude generates a greater GSR signal. Nevertheless, physiological issues restrain 
the current increase. Edelberg made an experiment in this field in 1960. He demonstrated that 
skin resistance response (SRR) increases linearly with current up to the current density of 
11pA/Cm2 but with a current density of 100 pA/Cm2, SRR reduces to one fourth. Hence, a 
current density of 10 pA/Cm2 seems to be suitable [8]. 

Considering the above-mentioned, in this research, a DC constant current source was used to 
measure the skin resistance amount and its changes. A schematic block diagram of the system 
design is provided in Figure 1. 

 

Figure: Block diagram of system design. 

Current Source 

The current source should cover the following features; 1) It should be able to generate very 
small currents like 10pA. 2) It should be designed for loads connected to the earth, meaning 
this current source load should not be float. 3) Current passing through the load should be 
independent of load resistance value. It means, considering skin resistance changes during the 
experiment, the current should remain constant and does not change. 4) Current should be 
acceptably stable and if the experiment takes a long time, the current does not drop. 

Considering the above points, here in this project current source IC LM334Z is used. This IC is 
a tripod IC that can generate the current range of 1pA-10mA and applying voltage range is 1V- 
40V. The accuracy of the current amount generating by this IC is ±3%. This current source has 
a high output resistance, so current generated by this IC is completely independent of load 
resistance value and up to 1MQ resistance or even a bit more, the current is completely stable. 
It also can be used for loads connected to the ground. It is acceptably stable and in the case of 
a long time experiment, there is no drop in current amplitude. Moreover, using the circuit in 
figure 2, this current source does not depend on thermal changes. 
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Figure 2. The current source with removing thermal coefficient. 

Electrodes 

In this project, for skin resistance measurement, we use the index and middle fingers. 
4ÈÅÒÅÆÏÒÅȟ ÉÔ ÉÓ ÎÅÅÄÅÄ ÔÏ ÕÓÅ ÅÌÅÃÔÒÏÄÅÓ ÔÈÁÔ ÁÒÅ ÆÌÅØÉÂÌÅ ÁÎÄ ÁÂÌÅ ÔÏ ÆÏÒÍ ×ÉÔÈ ÈÁÎÄȭÓ ÆÉÎÇÅÒÓȟ 
so it is possible to pass current generated by current source to all parts of the skin surface of 
the two mentioned fingers. For GSR recording Ag/AgCl electrodes are usually used [8]. 
Unfortunately, since there was no flexible Ag/AgCl electrode in the market that can form 
around the finger, in this project we made some electrodes with aluminum foil and used them 
for GSR recording. A picture of them can be seen in figure 3. Furthermore, to decrease noise 
and signal improvement, shielded wires were used. Here, for increasing resistance changes 
amplitude, we did not use electrolyte (gel). 

 

Figure 3. Electrodes [1]. 

Amplifier  

The obtained voltage from the skin is passed through a buffer before it enters into the 
amplifier. It is for impedance matching for optimal voltage transmission. The output signal 
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from the buffer enters into a variable gain amplifier. The reason for using a variable gain 
amplifier is to select suitable gain for everyone according to their skin resistance level so that 
we can observe skin resistance changes more accurately. Here, the AD526 chip which is a 
programmable amplifier is used. This amplifier provides 1,2,4,8,16 gains and is also 
compatible with TTL logic. AD526 programming has done by the microcontroller. 

Filter  

Observing amplifier output in an oscilloscope, too much noise can be seen in it. The dominant 
noise in the GSR signal is 50Hz noise. Since GSR has a low frequency, for removing this noise, 
a low pass filter with 1HZ cut off frequency was used. The second-order type of active 
Butterworth filter was chosen since it has the flattest response in passband compared to other 
active filters. 

Analog to digital converter 

Since the GSR signal and its changes are finally displayed on the computer, recorded analog 
voltage from the skin which has been passed through amplifier and filter, should be converted 
to digital. For this AD574A chip was used which is a 12-bit A/D. Using a 12-bit A/D instead of 
an 8-bit one is to achieve higher resolution in resistance measurement. For instructing 
AD574A to get data and convert them, a microcontroller is used. And 20Hz sampling frequency 
was selected for this A/D. 

Microcontroller  

Microcontroller functions include 1) Reading data from A/D. 2) Increase or decrease amplifier 
gain regarding instruction. 3) Sending information to the computer through the parallel port. 
4) Display gain increase or decrease on 7-segment. 5) Instructing buzzer and LED to indicate 
incorrect electrodes connection to the skin. 

In this project for doing the above, 89C51 microcontroller was used. 

Seven segment 

Next to the gain increase and decrease buttons, there is a 7-segment in the circuit which shows 
0 to 4 as five gains which are created by the amplifier. This 7-segment is driven by a BCD 
decoder which receives related instructions to show numbers on 7-segment from the 
microcontroller.  

Display 

For GSR biofeedback instrument being able to both connect to the computer and display GSR 
signal and its changes by computer software and work independently especially when there 
is no access to a computer, a display is also improvised in this instrument design. This display 
continues working while connecting to the computer. LM3914 chip is used for this display. 
LM3914 is a bar-graph driver that drives 10 LEDs. This IC mechanism is to receive analog 
voltage and according to voltage level creates a linear analog display. 

Power supply 

In order to provide needed voltage for ICs in the circuit, a power supply should be designed. 
These voltages include +15V, -15 V, and +5V. A transformer with 16Vrms was used in this 
circuit. then, one on/off key for switching system on and off and a 1.5A diode bridge for 
rectifying were used. To generate +15V, -15V, and +5V, 7815, 7915, and 7805 regulators were 
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used respectively. The 7805 and 7915 regulators receive their input from 7815 regulator 
output. In this power supply, because of running current of some ICs and to prevent too much 
heating, three 7805 regulators were used. How regulators provide voltage for ICs in the circuit 
is as below: 

+15V and -15V for current source IC, amplifier, A/D and, op-amps. 

+5V for LEDs driver and bar-graph LEDs. 

+5V for microcontroller and buzzer. 

+5V for the amplifier, A/D, and 7-segment driver. 

A green LED for making sure the proper function of the negative power supply and a red LED 
for making sure the proper function of the positive power supply were also used in the power 
supply circuit. 

Computer programming 

The general purpose of computer programming is to display the GSR signal and its changes. 
For this, Labview as graphic software was used. The reason for choosing this software is its 
high ability as well as being easy to use it while working with the parallel port, in addition to 
its significant graphic features in the signal display as a graph. Generally, the major tasks of 
the computer program in this project are as below: 

Instruct microcontroller for sending information to the computer. 

Receiving information sent by the microcontroller through the parallel port. 

Converting read voltage from skin to resistance by multiplying it to a proper coefficient. 

Display the GSR signal graphically on a chart. 

Proper change of graph scale to display according to selected gain. 

Display of GSR signal changes in another graph. In this section, GSR signal changes have 
calculated every second and are displayed on a chart. 

Display amplifier gain. 

Blinking a software LED which is called ALARM in case of excessive gain increase. Here, if the 
ÇÁÉÎ ÉÓ ÉÎÃÒÅÁÓÅÄ ÔÏ ÔÈÅ ÅØÔÅÎÔ ÔÈÁÔ ÔÈÅ '32 ÓÉÇÎÁÌ ÃÁÎÎÏÔ ÂÅ ÄÉÓÐÌÁÙÅÄ ÒÅÇÁÒÄÉÎÇ ÏÎÅȭÓ ÓËÉÎ 
resistance level, ALARM which is a software LED starts blinking, until the gain is decreased 
one step and the signal can be displayed, then LED stops blinking. 

3. Data Analysis 

GSR biofeedback instrument has various types of laboratory and clinical functions such as free 
association test, lie detection, different conditioning experiments, more effective and faster 
learning of relaxation training methods, stress control and coping with it, control and decrease 
anxiety and treatment of lots of phobias, stutter treatment and decreasing blood pressure. 
Usually, along with biofeedback, different relaxation training methods and autogenetic 
training are also used. Among these, biofeedback plays a significant role in the acceleration 
and stability of positive results of treatment. 

In this section, we will examine some of the laboratory functions of GSR including effective 
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factors in GSR changes as well as lie detection. Here, the relaxation factor influence on the GSR 
signal will be checked. In our experiment, after connecting electrodes to middle and index 
ÆÉÎÇÅÒÓ ÁÎÄ ÓÅÔÔÉÎÇ ÕÐ ÔÈÅ ÄÅÖÉÃÅȟ ÆÉÒÓÔȟ ×Å ×ÁÉÔ ÆÏÒ ρ ÔÏ ς ÍÉÎÕÔÅÓ ÕÎÔÉÌ ÔÈÅ ÐÅÒÓÏÎȭÓ skin 
ÒÅÓÉÓÔÁÎÃÅ ÌÅÖÅÌ ÉÓ ÓÔÁÂÌÅȢ 4ÈÅÎȟ ×Å ÁÓË ÐÅÏÐÌÅ ÔÏ ÌÏÏÓÅ ÔÈÅÉÒ ÂÏÄÙȭÓ ÍÕÓÃÌÅÓȟ ÃÌÏÓÅ ÔÈÅÉÒ ÅÙÅÓȟ 
and try to become relaxed and comfortable. The sample recorded signal for this experiment 
can be seen in figure 4. As it is shown in the figure, during relaxation, the GSR signal starts to 
increase and the graph of changes also shows positive values which indicate an upward trend 
of GSR curve. After a while people are asked to stop being relaxed and return to the normal 
state, at this moment as it is seen in the figure, the GSR curve falls suddenly and skin resistance 
returns approximately to its initial value. The changes graph also shows this downward trend 
by illustrating negative values. As it is obvious in figure 4, reaching to relaxation state takes a 
longer time than getting out of it, which confirms the point that gaining relaxation is more 
difficult than losing it and it takes more time. As it is shown in Figure 4, skin initial resistance 
is 53KQ and after relaxation, it reaches 90KQ. And after asking the person to get out of comfort 
state, their skin resistance drops to about 54KQ. 

 

Figure 4. Sample of GSR signal and its variations when experimenting relaxation effect on this 
signal. 

Lie detection is one of the other GSR instrument functions. Here in this study, this function was 
also examined. The experiment which is done for lie detection test is to ask people to select a 
number between 1 to 10 without mentioning it. Then, while recording GSR signal and its 
changes, 1 to 10 numbers will be read aloud for the people randomly and they are asked to 
ÓÁÙ ȰÎÏȱ ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ ÁÌÌ ÎÕÍÂÅÒÓȟ ÅÖÅÎ ÉÆ ÔÈÁÔ ÎÕÍÂÅÒ ×ÁÓ ÔÈÅ ÏÎÅ ÔÈÅÙ ÈÁÖÅ ÃÈÏÓÅÎȢ )Î ÔÈÉÓ 
ÅØÐÅÒÉÍÅÎÔȟ ÉÔ ×ÁÓ ÏÂÓÅÒÖÅÄ ÔÈÁÔ ×ÈÅÎ ÏÎÅ ÒÅÐÌÉÅÓ ȰÎÏȱ ÆÁÌÓÅÌÙ ÉÎ ÒÅÓÐÏÎÓÅ ÔÏ ÔÈÅ ÎÕÍÂÅÒ ÔÈÅÙ 
have chosen, the GSR signal shows the most variations. Actually, this experiment was 
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successful only in 50% of cases. As a matter of fact, environmental conditions are noticeable 
effective factors for this experiment which play an important role in the success or failure of 
that. And these conditions need to be controlled the same in all experiments. As can be seen in 
figure 5, points in change graph which are marked by an arrow, are related to the time when 
ÔÈÅ ÐÅÒÓÏÎ ÒÅÐÌÉÅÓ ȰÎÏȱ ÔÏ ÔÈÅ ÎÕÍÂÅÒ ÈÅȾÓÈÅ ÈÁÓ ÓÅÌÅÃÔÅÄȢ !Ó ÙÏÕ Ãan see in these points, the 
GSR signal shows the most changes. 

 

Figure 5. GSR signal sample and its variations in the lie detection test. 

4. Conclusion 

This research is about the design and development of the GSR biofeedback instrument. Its 
function in biomedical engineering is relaxation training and voluntary control over the 
sympathetic part of the autonomic nervous system. In this regard, first, biofeedback was 
thoroughly explained and then GSR was investigated from different aspects such as 
physiology, the mechanism of action, and recording and measurement methods. Next, the 
hardware and software design of the device was described in detail. Finally, samples of 
recorded signals by the developed device in different functions were analyzed. 

According to GSR device ability to illustrate the level of sympathetic nervous system stimulus, 
using this instrument, it is possible to detect many conditions and provocations which cause 
stimulus and one usually does not know about them and subsequently, if needed, they can do 
proper treatment to change or improve the behavior. Therefore, GSR can be used in both 
diagnosis and treatment areas. Proper use of GSR biofeedback and required training, it is 

possible to achieve some degrees of control over the sympathetic nervous system and 
consequently factors that are affected by it like heart rate and blood pressure. 

For further studies we recommend below improvements: 

Adding the ability to work with a battery. 
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Automatic data analysis by device software, for instance in lie detection and determining the 
most variations. 

Calculating some GSR signal parameters such as amplitude, delay, rising time, minimum, and 
maximum. 

Displaying words for free association test on the computer monitor and recording GSR signal 
and its variations at the same time. 

Providing audio feedback like playing music by software. 
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Abstract  

This study aims to indicate the role of the communication process and new 
technologies in the crisis management, by showing deferent concepts related to the 
crisis management, its phases, how can we manage crisis using communication, and 
how can we use technology to manage crisis. The main idea of this study is that 
stakeholders (internal or external) are very important to overcome on a crisis, and 
every organization must identify the full range of its stakeholders, so it can receive 
their help when it is necessary. 

Keywords:  Communication, technology, crisis management. 

 

Introduction  

In recent years, there has been a growing number of crisis faced by organizations, and there 
has been a significant change in the perception of challenges in the field of crisis management, 
because of that organizations have made a lot of researches to find effective methods to 
manage these crises, in order to reduce losses, and between these methods we find 
communication, and thanks to the technological evolution, managing crises becomes realistic. 

I- Definition of the word crisis  

The word crisis refers to a situation or a case faced by the decision maker in one of the 
administrative entities (country, enterprise, project family...), where events comes 
successively, and where the reasons are intertwined with the results, and because of that, the 
decision maker will lose control of this situation, and with its future trends (Idriss Lekrini, 
2014, P10). 

II- Defini tion of crisis management  

The crisis management is to overcome on a crisis using scientific and administrative tools to 
avoid its negative aspects, and take benefits from its positive aspects (learning from it) 
(Mohssine Ahmed Elkhadiri, 2003, P 34). 

Also it could be defined as a set of activities (financials & operational), that allows the 
maximization of a value of an enterprise, by reducing costs associated to the volatility of its 
cash flows (George Dionne, 2013, P 8). 

III- Phases of crisis management  
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The crisis occurs in three phases; first, there is the crisis preparation (pre-crisis) which means 
the appearance of a few or many signs, before the occurrence of a crisis, a sensibility of the 
prevention is a systematic vigilance of the early warning signals, must also be developed by 
organizations, Professional abilities (stress management, preparation for the media 
communications, and organizational (flexibility, communication's fluidity, a quick 
mobilization of resources, response capacity), could be improved and tested, this first phase 
could be resumed to two crisis management mechanisms anticipating and sensing. 

The second phase is the crisis recovery, where the organization follows one of the most 
ÉÍÐÏÒÔÁÎÔ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ ÃÒÉÓÉÓ ÍÁÎÁÇÅÍÅÎÔȡ ȰÔÈÅ ÄÁÍÁÇÅ ÃÏÎÔÁÉÎÍÅÎÔȱȟ ÔÏ ÁÖÏÉÄ ÔÈÅ ÃÒÉÓÉÓ 
affection of other organizations sectors. 

Finally, an organization that lives a crisis, must learn lessons and admit its weaknesses, this 
phase is very hard, because organizations are attempted to hide their faults than learning of 
it, this phase is the learning process (Marine-Christine Therrien, 2012, P 2-3). 

IV- Communication for crisis management  

The organization should not wait for a crisis to happen before deciding on how best to 
communicate during one. Much of the overall crisis communications strategy can be discussed 
and agreed well ahead of any event. This will give the organization time to develop and test 
the necessary relationships, plans, protocols and templates well before a crisis hits. 

The pre-crisis phase has a strong emphasis on preparation. This should include horizon 
scanning to anticipate any potential events, which may have a significant negative impact on 
the organization. 

During the crisis, communications can be broken down into three distinct phases: short, 
medium and long term. As crises differ in duration, these phases are not associated with 
timeframes but are aligned with how the crisis itself has progressed. These phases are broadly 
defined as: 

- 3ÈÏÒÔ ÔÉÍÅȡ ÏÒ ȬÐÒÅ-consequence', where the opportunity still exists to influence how the 
crisis unfolds and shape reactions to it. 

- -ÅÄÉÕÍ ÔÅÒÍȡ ÏÒ ȬÃÏÎÓÅÑÕÅÎÃÅ ÒÅÓÐÏÎÓÅͻȟ ×ÈÅÒÅ ÃÏÍÍÕÎÉÃÁÔÉÏÎÓ ÁÒÅ ÃÅÎÔÒÅÄ ÁÒÏÕÎÄ 
explaining events and how the organization plans to recover from them. 

- ,ÏÎÇ ÔÅÒÍȡ ÏÒ ȬÐÏÓÔ ÒÅÓÐÏÎÓÅͻȟ focusses on rebuilding (and potentially improving) the 
organization's reputation. 

The phases of communicating in a crisis (including pre-crisis) and how the organization will 
approach each part, should be included in the organization's crisis communications plan. 
When a crisis hits, pre-planning means that the organization have already had the opportunity 
to think through and potentially exercise what the organization might do in the situation, 
rather than simply reacting to events ( Tony Pearce, 2013, P5). 

IV-1- Stakeholders identification  

A stakeholder is defined as any group or public affected by the organization's operation 
(Christine M. Bailey and al 2005, P393 ). 

Identifying the full range of the stakeholders of an organization, and their information needs, 
is a critical in the first step in preparing for any crisis event. 
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the stakeholders will have both broad and specific information needs and failure to meet these 
will result in a wide range of negative consequences, that will remain well after the crisis has 
been resolved. 

Stakeholders can be divided into two groups - those external to the organization and those 
internal to it. During a crisis, concentrating on one group at the expense of the other will 
inevitably have a negative impact. Both internal and external stakeholders should be 
considered although not necessarily given equal emphasis. 

IV-1-1- External stakeholders  

An organization's reputation and revenue streams are largely dependent on its external 
stakeholders. Mapping out the stakeholders prior to a crisis event will enable the organization 
to ensure that this time-consuming process does not have to be repeated from scratch at the 
start of every crisis, but rather can be revisited to ensure that the list remains current and any 
additional stakeholders specific to the crisis are identified. 

IV-1-2- Internal stakeholders  

During a crisis, the organization will face pressure from external sources to re-establish pre-
crisis service levels as soon as possible. The organization internal stakeholders are vital to 
ensuring that any crisis is successfully navigated and that the organization's response is 
conducted in a timely and effective manner. 

Maintaining two-way communications internally is critical to successfully navigating a crisis. 
It will also ensure that the message is consistent across all parts of the organization. If internal 
stakeholders are not kept informed, a range of negative consequences may occur that will 
prolong the crisis. 

Whilst the organization may have a social media policy in place, the ease of access to the 
internet through smart phones or computers means staff will probably access social media 
during a crisis, regardless of official advice. 

Ensuring the staff have up-to-date and accurate information, will help ensure that incorrect 
and damaging information does not make its way into the public domain ( Tony Pearce, 2013, 
P9 ). 

IV-2- Choosing the right communication channel  

A communication channel is the method by which a message is delivered. There has been a 
rapid rise in the number of channels available to organizations to use to communicate with 
their stakeholders, thanks to advancements in technology. 

When choosing a channel, you should ask: 

- Who is your target audience? Use the channel most appropriate for your audience. For 
example, if you are attempting to communicate with people in remote communities, radio may 
be more appropriate. 

- How quickly does the message need to be distributed? If it needs to be sent immediately, 
radio is a better medium than a daily newspaper. 

- What resources do you have available? Some channels, such as social media need an 
ÏÒÇÁÎÉÚÁÔÉÏÎ ÔÏ ÍÏÎÉÔÏÒ ÁÎÄ ÉÎÔÅÒÁÃÔ ÒÁÔÈÅÒ ÔÈÁÎ ÁÃÔÉÎÇ ÁÓ Á ȬÆÉÒÅ ÁÎÄ ÆÏÒÇÅÔͻ ÒÅÓÏÕÒÃÅȢ $Ï ÙÏÕÒ 
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staff have the time to perform this function in a crisis? 

- How detailed is the message you are trying to convey? Different media have different length 
restrictions. For example, it may be better to use a text message to direct people to your 
website where you can publish more detailed information. 

- Are you looking to inform or actually engage your audience? Television may be great for 
getting your message to people, but social media will allow you to get rapid feedback. 

The organistion will probably use a mix of communication channels rather than any one 
individual medium duri ng a crisis. This will allow the organization to communicate effectively 
with a range of its affected stakeholders ( Tony Pearce, 2013, P 13). 

IV-3- Structuring the message  

During a crisis, every detail of every message is scrutinised and acted upon. For this reason, 
the structure, language and content of each of your messages needs to be carefully considered. 

Long-winded and rambling communications can lead to confusion, ineffective actions and may 
prolong the crisis. Well- crafted communications can help resolve the crisis more quickly and 
may enhance your reputation ( Tony Pearce, 2013, P 17 ). 

IV- 4- Collecting, analyzing, and responding to feedback  

The organistion should gather feedback during and after a crisis to ensuring that it is 
responding in an appropriate and positive way. 

This information is also useful for a post-crisis review. It is important to capture the lessons 
identified during the crisis so that they can be incorporated into the organization's planning 
for any future event. 

During an ongoing crisis, analysing feedback can allow the organization to actively manage 
ÁÎÄ ÒÅÓÐÏÎÄ ÔÏ ÁÎÙ ÍÉÓÉÎÆÏÒÍÁÔÉÏÎ ÔÈÁÔ ÍÁÙ ÃÉÒÃÕÌÁÔÅȢ &ÁÓÔ ÁÎÄ ÄÅÃÉÓÉÖÅ ȬÍÙÔÈ-busting' can be 
crucial for correcting false information that stakeholders may be acting upon. It will also help 
counter any associated reputational damage. Feedback will in addition identify if there are 
information gaps that are being filled by external speculation, which it can fill with accurate 
information. 

Not all feedback is useful however. Skill is needed to identify quality feedback and use it to 
enhance the organization's current and future response. Likewise not all feedback should be 
equally weighted. For example, people with recognised technical expertise may carry more 
authority than a casual observer ( Tony Pearce, 2013, P 20 ). 

V- Technological aspect of crisis management  

In modern societies, technology plays an important role and thereby creates new 
technological challenges. Due to the proliferation of technology the availability of 
communication-channels is highly dependent on electricity (Medienwirt Christian Neuhaus, 
2010, P 2). 

Nowadays, crisis management is not able to operate efficiently without the support of the state 
of the art ICT. In order to find an optimal operation model in crisis management it becomes 
more frequent to take the advantage of various technological innovations (e.g. trusted 
computing and agent-based infrastructure) or organizational solutions (e.g. cloud computing). 
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In this section, an outline of new technological opportunities for improving crisis management 
is provided (Jan Zych and al, 2012, P 106). 

V-1- Mobile technologies  

Currently, mobile technology is advancing rapidly, both in terms of mobile phone popularity 
and capabilities. Modern mobile devices (palmtops, mobile phones, etc.) are capable of 
performing tasks that used to be reserved for personal computers. With regard to capabilities, 
there is a marked trend to integrate hitherto separate devices into a single solution. Modern 
mobile devices are often equipped with auto-focus a digital camera with several Mega pixels, 
Full HD video recording possibility (such resolution was barely achievable for dedicated 
digital cameras just a couple of years ago); moreover, these devices have several GBs of 
internal storage (with possibility to further increase using flash memory). Combined with 
broadband (e.g. based on HSDPA or WiFi b/g/n) data transmission and access to modern 
services (e.g.: online maps (even with traffic information and predictions), weather forecast 
or social media) mobile phones are considered to be a great tool in crisis management, used 
not only for communication between responders, but also for dissemination of information 
among the public in general (Jan Zych and al, 2012, P 106).. 

V-2- Social Media 

Social media is set of technologies that allow people to exchange multimedia information. 
Despite the fact that the information in social media comes from sources that are not verified, 
social media allow people to exchange information ideas, opinions and experience. Therefore, 
social media has become very popular and this trend is growing. 

The example of the 2010 flooding in Central Europe emphasizes the importance of using social 
media during crises situations. Citizens of the Bydgoszcz city in Poland were using a forum to 
inform each other about the water level; this source of information was much more effective 
than official communiques in traditional media. Nevertheless, with the growing popularity of 
social media, this information could be disseminated even faster -using applications like 
Facebook, Twitter, Web log and others. Comparing social media to internet forums, one may 
notice that the former one allows to exchange information almost in real time e.g. through 
smartphones. The cost in terms of development and maintenance of infrastructure as well as 
disseminating the information to many recipients is negligible, since social media does not 
require any additional costs apart from the Internet connection bills (Jan Zych and al, 2012, P 
107).. 

V-3- Cloud Computing  

Another new opportunity for crisis management is the use of dedicated services in modern 
business models - cloud computing. The main idea behind cloud computing is to provide 
services from remote centres using the Internet as a communication channel. In other words, 
cloud computing provides applications that run on the Internet. Cloud computer services are 
divided into four models: 

- IaaS - Infrastructure as a Service. This model provides all the equipment needed by an 
organization to support operations, it includes hardware, servers, storage and network 
components. In this model, the cloud provider is responsible for maintaining the equipment. 

- PaaS - Platform as a Service. In this model, cloud providers deliver a computing platform 
including an operating system, a programming language execution environment, database and 
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web server. With PaaS applications developers can design, run and debug their software 
solutions on a cloud platform, and do not have to worry about buying and maintaining the 
hardware and software layers. 

- SaaS - Software as a Service. It comprises software applications that are installed on the 
cloud and that can be accessed by cloud users. Since the software applications are located on 
central hosts, the cloud users can access them through a browser. In SaaS, users do not have 
to maintain the data and infrastructure on which the application is running e.g. games, google 
docs, e-mail, etc. 

- BPaaS - Business Process as a Service. This model includes any business processes delivered 
as a service over the Internet (for example, payroll, printing, e-commerce) and accessible by 
multiple web-enabled interfaces and devices such as PC, tablets and smartphones. 

Cloud computing could contribute to crisis management by facilitating information sharing 
among first responders at different management levels (central, regional and local) and 
making the emergency notification more accessible to the public. Additionally, cloud 
computing reduces costs when it comes to data storage and recovery after a disaster. 
Companies that own the infrastructure locally could be severely affected by a disaster as their 
server may be permanently destroyed and backup may be lost. In the case of a disaster 
affecting a cloud computing data centre, user data will not be lost since suppliers of cloud 
infrastructure replicate user data and cloud servers across multiple data centres. 

Furthermore, the data stored on the cloud is highly secured by cloud providers. In the data 
centres, the integrity of the information is protected with power generators, monitoring 
systems and 24/7 security personnel as well as technical specialists. 

There is a wide range of possible cloud computing applications in crisis management. It not 
only improves the current services (in terms of e.g. costs, scalability confidentiality, 
availability, security, redundancy and performance), but also provides new opportunities (Jan 
Zych and al, 2012, P 107-108). 

Conclusion 

In this study we've shown how the communication process could be used to manage a crisis 
in the right and effective way, also the new technologies and their role in the crisis 
management, by shortening reactions times, and improving consistency of message, and 
providing relevant and redundant information for stakeholders and by providing back-
channels between organizations and its different stakeholder. Instead of standardizing 
communication. 
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Abstract  

The number of firms involved in the production of barrels from white oak (quercus 
petraea L,) is small. The production of wood barrels is quite complex and with a 
low exploitation coefficient. We think it is in the interests of firms to know how 
much the coefficient of use of sawn material for these types of products is. For the 
study we have chosen the firm "BehaN" in Rahovec, which mainly deals with the 
production of oak wood barrels. The sawn material taken in the study was of a 
good quality. To do the tests we used weighing methods, as its volume was difficult 
to measure since it was half milled. Tests were conducted for the production of 
barrel details with a volume of 50, 30 and 20 litters, which are most widely used 
by the costumers. For the realization used by the firm were taken into account the 
dimensions and technology. From the measurement data it turned out that the 
weight of the sawn timber was about 250kg. The results of these weights were 
exchanged in volume and percentage and they are shown in final results. 

Keywords:  exploitation coefficient, plank, wood pieces, sawdust, barrel 

 

1. Introduction  

Barrels were first used for wine by the Romans. They were a big improvement over amphorae 
(Greek) and goat skins, can be built without metal using pegs and split willow hoops (Barrels 
& Ageing, 2014). 

Traditionally, there are three species of wood used in barrel making: Q. petraea Liebl. and Q. 
robur L., the most common oak species in French forests, and the American oak Q. alba L. 
(Mariana Tavares, , Antonio M. Jordao and Jorge M. Ricardo-da-Silva, 2017). 

In our country there are few companies that produce oak barrels (quercus petraea L.). But 
since it is a complicated work and with a small use of wood, we thought it was of interest to 
see how much it is used. 

The production of barrels from wood is not only an interest in the preservation of wine, cognac 
and other alcoholic drinks, but it is also important for the fact that the physiological process 
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that occurs due to the passage of oxygen into the air through the stave of barrel directly affects 
the formation and improves the quality of wine. Storing wine, cognac and other alcoholic 
drinks in barrels for a long time they become delicious, aromatic and clear. This is also the 
main reason why these products are stored in wooden barrels. 

The study was done at "Beha-N" Company in Rahovec which deals with the production of 
wooden barrels. It produces barrels of various volumes where the most common are barrels 
50, 30, 20 litters (figure 1). 

2. Aim of the Study  

The purpose of this study is to see the percentage of sawdust used for the production of oak 
wood barrels (quercus petraea L.) and how much is the waste in wood pieces, shavings and 
sawdust. 

3. Methodology  

The sawn timber in this firm is dried naturally for the production of barrels. Sawn bands are 
dried in 12-16% moisture. 

The amount of sawdust used is weighed on the scales in kg then the weight is exchanged to 
m3. This is because the saw material used in this firm is half milled and it is difficult to draw 
the correct volume by other methods. In this way the pure stave, wood pieces, shavings and 
sawdust are measured. In this case specific weight calculation is also required. 

3.1 Materials used  

- Oak sawn timber with dimensions (31x120-160x1000mm.) 

- Wood processing machines as well (saw blade, longitudinal saw, planer machines, milling 
machine, sanding machine etc.). 

- Scale, meters, micrometer, etc. 

3.2 Methodology used  

Determination of sawn timber use was done by measurements in the field. 

The following formulas are used for calculations: 

The volume of sawn timber in [m3] (Ajdinaj D. Marku P., 2014) 

V = Psh ............. (m).............. (1) 
Yu 

 

Figure 1. Barrel 
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Where: 

PȰh - Weight of sawn timber in kg, 

Yu - Specific wood weight in kg/m3. 

Net volume of stave [m3] 

V = P ...............  (m3) ........... (2) 

Yu 

Where: 

Pd - Weight of stave in kg, 

Net yield stave in [%] 

R = EL x 100 = ............... (%) ...... (3) 

Vl 

Net volume of barrel heads [m3] 

V/ = Pf ............  (m3) .......... (4) 

Yu 

Where: 

P 

f - Net weight of barrel heads in kg,Net yield of barrel heads [%] 

Rf = V X100 = . . . . . (%)   . . . . . . . . ( 5 )  

Wood pieces volume [m3] (Sejdiu M, 2017) 

p 

V = p  (m3)  ..................................... (6) 

Yu 

Where: 

pa -Wood pieces weight in kg. 

Yield wood pieces [%] 

Ra = Vr X 100  (%) .......................  (7) 

Sawdust volume in [m3] (Ajdinaj D. Marku P., 2014) 

Vg = p ...................  (m3)  ................  (8) 

Yu 

Where: 

p 

Ȭ - Sawdust weight in kg. 

Sawdust performance in [%] 

R = VL X100....(%) ........................  (9) 

To calculate the specific weight, there were taken samples of 2x2x2cm and they were taken at 
the University of Applied Science Lab in Ferizaj. Samples were weighted on scale 0.1 gr. and 
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measured with micrometer 0.01mm (figure 2). 

Then the samples were dried to oven dry moisture (102±3°C). The measurements are given 
in chart 1. Chart 1. Sample dimensions, volume, weight and moisture. 

 

 

 

Figure 2. The view of materials and tools during practical examinations. 
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According to the chart 1, the average moisture of wood was 13.94%, the average volume of 
samples in this moisture was 6.81 cm3, the average weight of samples 5.61gr. and the average 
weight of samples in dry condition 4.92gr. 

Specific wood weight calculation was with the formula ( Fico S. Marku P. Shqau I., 1998): 

Yu = P .......  Sr/cm3  .........  (10) 

V u 

Where: 

Pu- Sample weight in gr. 

Vu- Sample volume in m3 
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18,3
0 

6,74 5,80 14% 5,10 

35 19,80 18,6
5 

18,7
1 

6,91 5,50 15% 4,80 73 19,88 18,5
6 

18,3
1 

6,76 5,90 13% 5,20 

36 19,85 18,4
0 

18,5
1 

6,76 5,50 12% 4,90 74 19,85 18,5
7 

18,3
4 

6,76 6,00 13% 5,30 

37 19,85 19,2
8 

18,6
7 

7,15 5,60 14% 4,90 75 19,84 18,2
6 

18,5
3 

6,71 5,90 13% 5,20 

38 19,68 18,5
3 

18,6
7 

6,81 5,50 15% 4,80         

Average 6,86 5,47 14% 4,79 Average 6,76 5,75 14% 5,04 
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According to these data we see that 1cm3 in 13.94% moisture weights 0.824gr. or 1m3 is equal 
to 824kg. 

4. Results 

Measurement of sawn timber - The sawn timber in this firm was chosen with small annual 
rings and large pith wood, as mark is inadequate. 

The sawn timber taken in the study weighted 250kg, and then it was exchanged to m3 by 
equation 1. 

V = Ij!tL = 250 = 0.3033980 (m3)  

Then the final balance of the use of sawn timber for barrels was finalized. The results are 
presented in tabular form in chart 2. 

Graphically, the data of chart 2. for percentage are shown in graphic 1. 

 

Graphic 2. Efficiency in percentage. 

According to the chart it can be seen that the use of sawn timber is very low, about 22%. If we 
consider the losses of wood during sawing process to make planks and drying boards, then 
the yield is even lower. This is also, as we said above, for the production of barrels it is used 
the heartwood. 

5. Conclusion and Recommendation  

For the production of stave barrels it is used only the heartwood. 

Chart 2. Performance in volume and percentage 
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From the amount of dry sawn timber of 0.3303m3 used for the production of a barrel is: 

Stave takes 16.2%, heads 5.8%. 

Others, like wood pieces (45.4%), sawdust and shavings and others (32.6%), are considered 
losses. 

We recommend that: 

To be careful during the natural drying of planks, in order to minimize damages. 

To be careful during t the wood cutting process of planks, in order to make them radial. 

Create mathematical cutting patterns for each type of barrel to achieve maximum utilization 
of raw material. 

Other wood pieces should be used for other products, as there are huge losses. 

Shavings and sawdust should be used for briquette or pellet production or for burning. 
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Abstract  

The occurrence of successive economic crises, strong competitive pressures, and 
the degradation of natural and ecological resources are some of the major threats 
that make energy transition the new holy grail of the 21st century. This awareness 
of the urgency of the situation opens of the possibility for adopting an alternative 
approach - one of alliances, partnerships, and cooperation within the framework 
of exchange and sharing. This is, as Harari put it, the secret of the success of man. 
It can contribute sure to the goal of sustainable economic development. In line 
with this, new organizational forms have emerged, with the restructuring of the 
economy, integration of the principles of sustainable development, and 
development of renewable energies and clean technologies. These so-called 
Cleantech ecosystems, clusters focused on sustainable development projects, 
serve the dual function of at once contributing to economic growth and the 
attractiveness of an economy for investors and preserving the environment. 

Keywords:  energy transition, clean technologies, sustainable development, ecological 
grouping, territorial governance 

 

1. Introduction  

In the face of current environmental challenges such as environmental degradation, climate 
change, and loss of biodiversity, it is necessary to shift from an energy system based on non-
renewable energy to one based on renewable energies and clean technologies. 

The 1987 Brundtland Report, the 1992 World Conference on the Environment in Rio de 
Janeiro, and the adoption of the Kyoto Protocol in 1997 were all occasions on which the 
urgency of the looming ecological and environmental disaster was brought to the attention of 
states. 

Hence the need to turn to an alternative model combining economic growth and 
environmental preservation. 

In particular, the transition to renewable energy requires switching to an alternative model 
that restructures the current system and reorders the priorities of the various stakeholders. 

It is necessary to adopt a new energy system that reconciles economic and environmental 
motives through the development of green technologies and specific mechanisms that can 
reduce negative impacts on the environment. 
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The success of the energy transition process is dependent on the implementation of 
governance because the consideration of environmental constraints is influenced by the forms 
of interaction and cooperation between the various stakeholders. 

The green cluster is an alternative model that can help make the energy transition process 
smoother. Its implementation could particularly enable more effective resource management 
at different levels (i.e., energy, solar, recycling, waste treatment, eco-construction, etc.). 

The purpose of this paper is to demonstrate the close relationship between energy transition 
and the green cluster and to present arguments supporting the hypothesis that the 
establishment of the green cluster is a driver of energy transition. 

A review of the literature reveals the importance of the analysis of theories of territorial 
organizational structures and industrial ecology for a better understanding of green 
ecosystems. 

In fact, such structures are based on a combination of geographical, organizational and 
cognitive proximity, enjoying competitive advantages, a reinforced innovation process, and an 
easy flow of information. 

The question that remains to be addressed is to what extent the establishment of the green 
cluster contributes to the success of the ecological transition process. 

In responding to this query, this paper first presents a review of the literature, looking in 
particular at theories concerning territorial organizational networks and the definition of 
hypotheses. Then, it analyzes the links between the green cluster and ecological transition by 
analyzing the points that the two have in common. Finally, the paper presents the benefits of 
the ecological cluster and a few case studies from around the world where it has effectively 
been implemented. 

2. Material and Method  

Insofar as the question of methodology is concerned, this paper draws on documentary 
research and bibliographical study in order to enrich the analysis of the theoretical concepts 
necessary to the understanding the approaches being discussed, notably those relating to 
territorial networks of organization and industrial ecology. 

The paper also presents pioneering examples from around the world of environmentally 
friendly policies, emphasizing the specific characteristics and strengths of each model. 

3. Theoretical and Conceptual Framework  

The increasing occurrence of ecological and economic crises reveals the fragility and the limits 
of the current economic model. It goes without saying that challenges such as climate change, 
the scarcity of natural resources, and environmental degradation require the implementation 
of an alternative model. 

Theoretical analysis shows a neglect of the spatial and environmental dimension, such that the 
theories concerning the location of economic activities do not include explicit references to 
the territory.  

By way of example, Fordism, as highlighted by Alain LIPIETZ (1995) ignored the ecological 
question and the territorial dimension. Post-Fordism, for its part, has fully taken into account 
the dimension of space and location. 
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The Fordist crisis has contributed to the substitution of the model of economic development 
based on standardization and mass production, and based on big business, to a model based 
on flexible specialization through a spatial concentration of small businesses. 

Hence, there is a close relationship between the principles of sustainable development, 
territorial organizational networks and economic performance (LIPIETZ 1995) 

It is only in the period of post-Fordism that taking into account local factors, space and 
territorial anchorage became important. Following the crisis of Fordism, new forms of 
organization appeared based on industrial agglomerations. (LIPIETZ 1995). 

Theoretical approaches to territorial organizational networks can be presented as follows: 

Territorial 

organizational 

networks 

Theorists Definition Specificities 

Industrial District 
Marshallian 

Alfred 
MARSHALL 
(1920) 

Geographically located production 
system based on an internal division 
of labor between small and medium-
sized companies specialized in 
different phases of the same trade. 

- Division of work 

- Atmosphere conducive to 
learning 

- Reduction of transaction costs. 

- Existence of economies of scale 

- Skilled labor 
District 

industrial 

Italian 

Bagnasco (1977) 
Becattini (1979) 
Brusco (1982) 
Garofoli (1981) 

A socio-territorial entity characterized 
by the association of activities in a 
circumscribed and historic territorial 
area. 

- Flexibility 

- Common values and shared 
standards 

- Competition-emulation and 
cooperation 

- Socio-economic characteristic 

- Trust feeling 

Territorial 

organizational 

networks 

Theorists Definition Specificities 

Cluster Porter (1990) Geographic concentration of related 
companies that compete and 
cooperate with specialized suppliers, 
service providers, related industry 
firms and associated institutions 
(universities, standards bodies or 
professional organizations) in a 
particular field. 

- Competitive and cooperative 
relations between firms located in 
the same area. 

- Value chain integrated territorially 

 

It should be noted that this table does not represent an exhaustive list, and that there is a 
multitude of structures and a proliferation of concepts and designations (e.g., industrial pole, 
technological district, innovative environment, etc.). These forms of organization are mainly 
focused on the technology sector and more specifically information and communication 
technology (ICT). The rise of such structures in the industrial, technological and tourism fields 
suggests that their use may be compatible with green and sustainable sectors. 
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The theoretical analysis focuses on currents of thought that respond to this problem. Several 
theories were developed for this purpose, in particular the theories of growth and the theories 
of regulation, testifying to the importance and interest in this subject, from institutionalism, to 
the neoclassical current of thought and, more recently, industrial ecology. 

It is important to analyze theoretical approaches that combine both economic growth and a 
transition to renewable energy. Indeed, the new territorial approaches underline the 
importance of the reconfiguration of the production system by adopting strategies based on 
the logic of partnerships and cooperation between the different actors in a given territory. 

Theories relating to industrial ecology are in line with this approach, as they give a central 
place to the synergies between industrial players and the protection of the environment. The 
emergence in the late 1980s and early 1990s of theories of industrial ecology and eco-
industrial systems is consistent with respect for principles such as the preservation of the 
environment. 

One author describes this as "a process of synergy of industrial actors for the purpose of 
closing the flows of materials and energies, in a logic of rationalization of the consumptions of 
natural resources". 

The works of R. Frosch and N. Gallopoulos consider industrial ecology as inspired by the 
functioning of natural ecosystems.According to these two authors, this approach implies a 
balance of the incoming and outgoing flows of the industrial system, transformation of the 
waste of some in order to make new resources for others, renewal of available resources, the 
reduction of discharges and polluting emissions, and the reduction of energy intensity, losses 
and use of harmful substances. 

This approach is based on actions such as recycling and the reduction of harmful substances 
in the environment (e.g., greenhouse gases, polluting emissions). Industrial ecology integrates 
the issues of sustainable development and the dimension of sustainability in the context of 
economic activities. (BEAURIN and BRULLOT 2011) 

Thus, territorial organizational networks and sustainable development have points in 
common, and indeed economic growth can be compatible with the principles of sustainable 
development as evidenced by the rise and emergence of green growth. 

In order to respond to the challenges of sustainable development, industrial ecology adopts a 
process of reconfiguration and reconstruction of territories by placing them in a sustainable 
perspective of economic activities. 

This approach is based on constructive modes of coordination, on the games of actors and 
proximity. In fact, the forms of interaction between the various local actors are essential to the 
success of industrial ecology. It is deployed locally and is based on strategies aimed at 
economic and environmental rationality. 

In line with this, the adoption of an alternative model such as the ecological cluster is based on 
a partnership approach integrating sustainable economic development, energy efficiency and 
the promotion of renewable energies. It contributes to the dynamisation of the energy 
transition process. 

The industrial economy advocates a process of construction of territorial specification beyond 
the mere agglomeration of actors, which in turn means the modes of coordination and forms 
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of proximity contribute to sustainable territorial development through the creation of new 
opportunities. 

The involvement of different local actors is considered as an essential factor in the context of 
industrial ecology, and it is therefore necessary to identify the role of each local actor in order 
to facilitate the linking of the forms of interactions, alliances and the logic of cooperation 
between them. 

4. Ecological Cluster as an Instrumen t of Public Policy  

Energy transition requires the construction of a legal and regulatory framework integrating 
the sustainability dimension and taking into account the environmental and ecological effects 
in the implementation of public policies. 

Indeed, the success of the alternative model depends on an integration of environmental 
motives and the strengthening of the legal framework through the implementation of 
transversal and global public policies able to face environmental challenges. 

In the process of setting up an alternative model that breaks with the environmentally 
unfriendly production system, it is necessary to put in place public policies combining both 
incentives - such as ecological taxation - and regulations encouraging eco-friendly practices. 
The design of products, support for proactive environmental practices, and funding through 
grants and subsidies to encourage environmental preservations, combined with coercive 
measures sanctioning polluting technologies and systems can together go a long way in 
making an alternative model successful. (CHARLOT- VALDIEU et al 2013) 

The establishment of the ecological cluster as a public policy strategy and instrument for the 
development of renewable energy and clean technology projects is coherent with these 
proposals.Such a structure contributes to the strengthening of sustainable economic 
development, the reduction of ecological risks and the carefully measured use of scarce 
natural resources. 

The ecological cluster is an alternative approach aimed at reconciling both economic progress 
and environmental protection through the development of activities and projects with high 
added value and focused on green sectors. 

There is a need to integrate public policies in a long-term vision by taking full account of the 
dimension of sustainability (and transversality) to face environmental threats. Action must be 
focused on the source of degradation. 

Montalvo (2008) emphasizes the minimalism of environmental policies, suggesting that they 
are conservative and shortsighted. They have little incentive and focus mainly on preventive 
measures, whereas to achieve the desired results, it is necessary to adopt a sustainable 
approach, sustainable dynamics and a redesign of public policies. 

In order to guarantee a successful ecological transition, it is necessary to include 
environmental and innovation policies by combining incentives and coercive measures so as 
to stimulate research and development expenditure and reduce negative effects on the 
environment. (HAMDOUCH and DEPRET 2009) 

The success of the ecological transition and the green cluster require the reconfiguration of 
the production system by integrating the dimension of sustainability, and a complete 
restructuring of technological, political and institutional elements. 
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5. Eco Innovation as a Catalyst for the Energy Transition Process  

Technological advances and the rise of so-called green and clean innovations play a 
considerable role in revolutionizing the potential for environmentally friendly growth. In fact, 
the success of the ecological transition depends on the process of innovation and 
advancement. 

In this sense, the ecological cluster takes a central place in the innovation process; it 
corresponds to a model focused on the development of clean technologies and renewable 
energies (e.g., wind, solar, etc.). In fact, the existence of scientific actors, particularly 
universities and research centers within the green cluster, contributes to the creation of new 
knowledge and the dynamization of the innovation process. (COOKE 2010) 

The ecological cluster is based on a sustainable integrated approach, and the concentration of 
different actors in a given area combined with cognitive proximity, contribute to the rapid 
circulation of information flows and consequently the strengthening of the critical mass of 
knowledge. Such proximity plays a role in strengthening the innovation process. 

It can be considered as a range of innovative products and services aimed at optimizing the 
use of natural resources and renewing them in the long term. The ecological cluster is a radical 
change in the protection and preservation of natural resources through the use of clean and 
green technologies. (DAVIES 2013) 

The establishment of the ecological cluster contributes to the revitalization of Eco-innovation 
through the improvement of environmental sustainability, the reduction of the intensive use 
of natural resources by developing alternative technologies, reconciliation between the source 
and the environment, and the reduction of distances and consequently transport costs due to 
geographical proximity. (DADDI 2012) 

The ecological cluster takes into account both economic considerations - by contributing to 
the performance and the improvement of the competitiveness and attractiveness of an 
economy - as well as environmental considerations, as evident from its focus on alternative 
measures. 

It is part of an alternative approach that breaks with the polluting production system, 
contributing to the creation of sustainable economic dynamism and the facilitation of the 
energy transition through the development of high value-added activities with a special target: 
renewable energies and green technologies. 

It also helps strengthen the positioning of companies operating in the eco-technology sectors 
by offering them international visibility and a critical mass of knowledge and skills. 
(HAMDOUCH AND DEPRET 2012) Such benefits are due to the existence of a real scientific 
base and the strong involvement of research and development actors. 

The ecological cluster is part of a global approach to managing activities related to the 
environment (i.e., waste and wastewater treatment, recycling and purification), the renewable 
energy sector (i.e., wind, solar, biomass, photovoltaic, etc.) and also so-called alternative 
activities like eco-construction (e.g., sustainable buildings, eco-renovation, and energy 
management). (Rennings 2005) 

Thus, such a structure constitutes an alternative model combining environmental and 
sustainability needs with efficiency and economic performance. It is based on a partnership 
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approach involving a multiplicity of actors (i.e., companies, public actors, universities, 
research centers, etc.). 

6. Governance within the Ecological Cluster as an Institutional Framework of 
Inter actions  

The resolution of environmental challenges and ecological problems requires the 
establishment of an institutional framework and a partnership approach integrating all 
economic, social and political factors. 

The energy efficiency approach and the success of the ecological transition require the use of 
a concerted and collaborative approach. The green cluster is, it should be recalled, based on 
the involvement of a diversity of actors of different natures (i.e., companies, local communities, 
research centers, universities, etc.). This heterogeneity of stakeholders necessarily means 
there is a complexity inherent in the system, a divergence of interests which can in some cases 
even trigger conflicts. The use of governance is therefore essential to avoid failures and 
blockages threatening the success of the energy transition. 

Colletis 2001 defines it as "a process of constructing compatibility between the different 
institutional proximities uniting geographically close actors (economic, institutional, social) in 
order to solve a local development project. 

This definition highlights the importance of using such an approach and the role it plays in 
complex problem solving, such as the case of the issue of environmental effectiveness. It is part 
of a strategic approach contributing to the achievement of a shared vision. 

Thus, environmental governance takes center stage in terms of sustainability management 
based on the mobilization of local stakeholders and the strengthening of alliances, logics of 
partnership and cooperation. 

It constitutes an institutional framework guaranteeing the regulation and management of the 
various stakeholders necessary to deal with the scale of environmental risks and the success 
of the ecological transition. 

7. International Experiences in the Ecological Cluster  

Governments are becoming aware of the need to develop alternative models and adopt 
measures and mechanisms to deal with environmental problems. Indeed, as shown in the 
following table, several countries are developing strategies focused on integrating the 
sustainability dimension into their economic systems. This section introduces the pioneers of 
technological and environmental advances, including clean technologies and renewable 
energies. 

Representative Table of the World Cleantech: (Report of the Ministry of Ecology, Energy, 
Sustainable Development and the Sea on global clusters in the field of eco-technologies) 
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8. Results 

The establishment of clusters tends to produce certain economic, social and environmental 
effects: 

8.1 Economic 

In clusters, the economic benefits are due to lower transportation costs because of 
geographical proximity. In addition, agglomeration of activities leads to increased productivity 
and skills. 

Furthermore, some clusters help and accelerate business creation through the role played by 
incubators. These encourage companies to establish themselves by providing support and 
financial and technical monitoring. 

Such an initiative is a virtuous circle, creating economic dynamism and local economic growth. 

8.2 Environmenta l 

The establishment of the ecological cluster contributes to a rational use of resources and 
reduces the consumption of extremely scarce natural resources. It also contributes to the 
development and growth of renewable energies and clean technologies that respect and 
preserve the environment. 

Clusters Objectives Specificities Analysis 

Envirolink  

Northwest 

(United 
Kingdom) 
operates in 
the 
following 
areas: 

Water 

managemen
t, waste 
recycling 

Å Stimulation of 
activities 
related to eco-
technologies 

Å Support 
innovation and 
development of 
innovative 
products 

Å Improving the 
learning and 
innovation 
process 

Å Dynamism and 
strong portability of 
the scientific actor: 
consortium of 
universities 

Å Important role 
played by regional 
development 
agencies 

Å Cooperation 
between different 
stakeholders (public, 
private and scientific) 

Programs such as: 
low carbon 
demonstration, 
Biomass project to 
achieve progress in 
environmental 
protection 

The cluster is characterized by an active 
mode of governance integrating all the 
stakeholders. 

The existence of high potential in the 
areas of recycling, energy-saving 
technologies and a low-carbon economy. 

The cluster has helped strengthen R & D 
capacity in the field of recycling 
,research and technology transfer. 

The cluster contributed to strengthening 
international visibility, identifying 
opportunities related to eco-technology 
markets. 

Solar Valley 
Mitteldeuts
chland 
(Germany) 
specializes 
in solar 
energy 
throughout 
its value 
chain 

Å Maintaining 
the 
technological 
and scientific 
advance 

Å Introduction of 
a quality 
training offer  

Å Strengthening 
cluster 
positioning and 
branding 

Å Attractiveness 
of national and 
international 
funding 

Å Strong synergies 
between the different 
stakeholders 

Å Major Grants for 
Energizing the Solar 
Energy Sector 

Å Dynamism of the 
environmental 
technologies sectors 

Å Existence of 
structures ensuring 
the control and 
evaluation of the 
cluster 

The cluster is characterized by the 
existence of a real strategy for research 
and innovation 

Achieving real advances in solar cells 
and equipment development (cost 
savings). 

The achievement of positive results in 
energy efficiency and the growth of solar 
technologies. 

The dynamism of this cluster is evident, 
as is its ability to foster international 
cooperation and partnerships. 

However, there is a need to strengthen 
the steering and command structure by 
providing it wi th stabilized legal power. 

We must also strengthen the marketing 
strategy for greater visibility and 
attractiveness. 
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In fact, in the case of the traditional model, the distances between the various stakeholders are 
substantial, therefore implying an increase in the quantities of fuels used and therefore a high 
energy consumption linked to this mode of transport. However in the case of the ecological 
cluster, there is geographical proximity and the externalities related to transport are reduced, 
thus contributing to the reduction of CO2 emissions. 

The preservation of natural resources is possible thanks to a valuation approach and 
synergies, so the residues and waste of one company constitute the raw materials of another. 
Such actions contribute to recycling. 

The organizational proximity embodied by the alliances, the logics of partnership and 
cooperation contributes to a rational use of resources and also to the preservation of waste. 
The cognitive proximity materialized by the exchange of information and knowledge plays an 
indispensable role in the creation of new products and processes, for example the promotion 
of new high-performance and less polluting technologies. 

13.3 Social 

Cluster presence helps to improve well-being by reducing poverty, unemployment and social 
inequalities. The cluster contributes to the improvement of the quality of life and the natural 
environment, in addition to the consolidation of the sense of belonging and identity. 

Indeed, the establishment of the cluster based on an innovative approach contributes to the 
creation of new economic activity and therefore greater employment. This has the impact of 
improving the standard of living and creating wealth that reduces social disparities. 

The attractiveness of a country is improved within the framework of the cluster because of the 
strengthening of the belonging and the local culture through the valorization of the specific 
local resources. 

The establishment of the cluster does, however, face certain risks and threats that must be 
solved: 

Å Lack of financial means 

Å Reluctance of some stakeholders 

Å Existence of lobbies 

Å Poor financial results 

Å Stakeholder exit 

Å Heterogeneity of partners can lead to blockages and conflicts of interest 

Å Disengagement and exhaustion of stakeholders 

Å Managerial complexity 

Å Inertia and bursting 

In the face of these challenges, it is necessary to put in place mechanisms and measures that 
can counteract these risks. 
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The analysis of global clusters demonstrates the important role played by the latter in 
reinforcing technological advances in renewable and green energies. Indeed, the 
establishment of the cluster contributes to the improvement of the learning and innovation 
process and consequently the development of new energies that are more respectful of the 
environment and less energy consuming, even at a certain cost. 

The energy cluster benefits from the support of the various stakeholders through forms of 
cooperation and synergies that contribute to real dynamism and the promotion of projects 
focused on environmental technologies. 

The green cluster and energy transition are closely linked. Together, they promote the 
transition from a highly polluting production system to an alternative system reconciling 
economic and environmental motives. 

They are based on strengthening the process of innovation and learning by giving a central 
place to eco-innovation, so that it offers more sustainable technologies and products. 

The green cluster and energy transition cannot achieve the expected results without the 
mobilization and involvement of all stakeholders, be they public, private or scientific, in an 
institutional framework based on the principles of governance, exchange, and information 
sharing. 

Therefore, the green cluster can be likened to an energy transition engine, capable of providing 
an institutional, legal and technological base to guarantee the success of the transition towards 
sustainable economic development. 

Thus the following table outlines the importance of governance, strategic and territorial 
management. 

 Governance Strategic and territorial management 

Success 

factors 

Governance 

The need to put in place an 
institutional framework guaranteeing 
steering and management actions for 
all stakeholders. 

Indeed, the existence of a structure 
ofmanagement will put an end to 
situations of blockages, divergences of 
interests, even to conflicts, thus 
privileging the collective interest. 

The establishment of a system of 
regulation and frameworks of 
relations between the various 
stakeholders. 

The need to carry out an upstream 
territorial diagnosis aimed at identifying 
strengths and weaknesses, but also a 
categorization of all stakeholders 
highlighting strategic priorities. 

It is also necessary to allocate the 
resources essential to the success of the 
cluster (i.e., financial, human, technical, 
etc.) 

The use of communication campaigns to 
attract new players, and to limit the 
reluctance of certain actors. 
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9. Conclusion 

The current socio-economic crisis and the ecological impasse require the reconfiguration of 
the current production system by adopting an alternative model centered on the question of 
sustainability. 

To this end, the ecological cluster is a model based on the involvement of a host of public and 
private actors and also civil society with a common goal of sustainable economic development 
respectful of the principles of sustainable development. These actors develop alternative 
pathways in contrast to traditional production systems. 

Cooperation and the logics of partnership between the various stakeholders (e.g., companies, 
universities, local communities, etc.) are essential to carry out such an approach. 

The green cluster can be considered as an engine of ecological transition combining both the 
dynamisation of the economic system and the strengthening of the ecological system. 

Energy transition is dependent on a restructuring of the economy and a reorganization of 
ÓÔÁËÅÈÏÌÄÅÒÓȭ ÐÒÉÏÒÉÔÉÅÓ ÂÙ ÐÕÔÔÉÎÇ ÉÎ ÐÌÁÃÅ ÁÎ ÁÌÔÅÒÎÁÔÉÖÅ ÍÏÄÅÌ ÆÏÃÕÓÅÄ ÏÎ ÔÈÅ ÐÒÉÎÃÉÐÌÅÓ ÏÆ 
development and the logic of partnership and cooperation present within ecological clusters. 
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Abstract  

This research reveals the change that occurs in a university course when using 
narratives, which allows facing monumentalism in the classrooms, considering that, 
in most of them, classes are still being held in a traditional way without taking into 
account what the students think about the topics covered in the courses. The research 
is within the qualitative method. The results obtained allow to establish the influence 
of the course on the learning strategies used by the students, as stable learning 
indicators, two networks are presented: one corresponding to the use of narratives, 
and the second, incorporation of the question. Students are motivated to work 
collaboratively and have a favorable opinion of implementation. 

Keywords:  narratives, engineer training, humanities education, collaborative work, 
qualitative research. 

 

Introduction  

The importance of complementary training in engineering studies has been recognized in 

most of the world's universities, and traditionally, it has been covered by requiring one, two 

or three subjects that deal with specific topics of humanism (Belandría, 2011. p.17) 

Likewise, some students state that they lack interest or vocation for these subjects. Obviously, 

the consequence of this situation is apathy, a reluctance for humanism and a deep immersion 

of the students in the realm of mathematics, physics, chemistry and engineering techniques. 

(Belandría, 2011. p.18) 

Likewise, the field of action of the engineer is not related only to the scientific and 

technological, but is immersed in a complex reality that he must understand and know in its 

entirety to optimize the exercise of his profession based on the integral well-being of society 

and the natural environment where he develops. This requires knowing the society and the 

environment that it transforms, understanding its cultural and natural diversity, being aware 

of the needs of the human being and for this he needs to be sensitive and aware of his social 

function as a person, as an engineer and as an agent of progress, change and development 

(Belandría, 2011. p.18) 
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According to the Organization for Economic Cooperation and Development (OECD), a large 

number of Chileans (53% of adults, but 84% of the country) do not understand what they read, 

thus they become functionally illiterate, moving away from the understanding of their social, 

cultural and historical environment. This is not new or local, on the contrary, it has been 

happening in different countries for at least thirty years. Today, prominent economists, such 

as the Spanish Joan Antoni Melé, propose concepts suÃÈ ÁÓ ȰÅÔÈÉÃÁÌ ÂÁÎËÉÎÇȱ ÏÒ %ÄÍÕÎÄ 3Ȣ 

Phelps, Nobel Prize in Economics, quoted by Nuccio Ordine (2018) says: 

ɉȣɊ 4ÏÄÁÙ ÅÃÏÎÏÍÉÅÓ ÌÁÃË ÔÈÅ ÓÐÉÒÉÔ ÏÆ ÉÎÎÏÖÁÔÉÏÎȢ .ÏÔ ÏÎÌÙ ÄÏ ÌÁÂÏÒ ÍÁÒËÅÔÓ ÎÅÅÄ ÍÏÒÅ 

technical skills, they require an increasing number of soft skills, such as the ability to think 

imaginatively, to come up with creative solutions to complex challenges, and to adapt to 

ÃÈÁÎÇÉÎÇ ÃÉÒÃÕÍÓÔÁÎÃÅÓ ÁÎÄ ÎÅ× ÃÏÎÓÔÒÁÉÎÔÓȢ ɉȣɊ ! ÎÅÃÅÓÓÁÒÙ ÆÉÒÓÔ ÓÔÅÐ ÉÓ ÔÏ ÒÅÉÎÔÒÏÄÕÃÅ 

humanistic subjects in schools and in university curricula. The study of literature, philosophy 

and history will inspire young people to seek a fulfilling life, a life that includes making creative 

and innovative contributions to society. (p. 23) 

Certainly, knowledge of history will make people better understand how society has arrived 

at the present moment. Experiencing the feelings and teachings of literature and the arts will 

make citizens more aware and sensitive to reflect on the decisions to be made, as opposed to 

the excessive use of reason, which can lead to misleading the correct direction of that society. 

Possessing knowledge of philosophy will make society develop fundamental critical thinking 

that will help choose the path to the destiny of the country. 

In The Utility of the Useless, Nuccio Ordine speaks of the marginalization of the humanities in 

this technological age, highlights the importance of the humanities in the training of citizens 

and criticizes the commercial use that has been made of education. These areas (literature, 

philosophy, history) have a value in themselves and are decisive in our human and civic 

education, or in the development of our critical and at the same time compassionate thinking, 

capable of keeping that humanity in mind, and that it implies being the same and different. In 

many universities, from different countries, the idea that these, only, should work with 

mercantilist principles and should be oriented with the postulates of profitability, 

effectiveness, efficiency and competitiveness typical of the market economy has been 

installed. Ordine expresses concern that students are considered clients, and since the client 

is always right, the quality of teaching suffers in favor of the speed with which a degree is 

sought. On the other hand, according to Terry Eagleton (2017): 

Academic institutions, in the past areas of critical reflection, are being increasingly reduced to 

ÍÁÒËÅÔ ÂÏÄÉÅÓ ɉȣɊȢ &ÏÒ ÔÈÅ ÍÏÓÔ ÐÁÒÔȟ ÔÈÅÙ ÁÒÅ ÉÎ ÔÈÅ ÈÁÎÄÓ ÏÆ ÔÅÃÈÎÏÃÒÁÔÓ ɉȣɊȢ 4ÈÅ ×ÏÒË ÏÆ 

the new intellectual proletariat of academics is evaluated according to whether their lectures 

on Plato or Copernicus help to stimulate the economy. (p. 169) 

Nothing could be more wrong, according to Nuccio Ordine (2018), when he talks about 

humanistic knowledge or those that do not produce an immediate economic benefit. "These 

are an end in themselves since they can play a fundamental role in the cultivation of the spirit 

and in the civil and cultural development of humanity." (p. 9) 
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Theoretical framework.  

Why the humanities serve today more than ever, with regard to technology today and in 

Heidegger, is because the latter is the representation of society. This society that bases its 

development on technique, this same technique that is part of consumption to sustain the 

economy. The conjunction of technique and economics lead to solidify a way of distracting 

attention from how important it is to be aware of the reality and the immediate social 

environment of people. The humanities help to understand the above to form a solid 

foundation for critical  thinking. 

!ÃÃÏÒÄÉÎÇ ÔÏ -ÁÒÔÈÁ .ÕÓÓÂÁÕÍȟ ÃÉÔÅÄ ÂÙ !ÄÒÉÁÎÁ 6ÁÌÄïÓ ɉςπρχɊȟ ȰÔÒÅÁÔÉÎÇ ÐÅÏÐÌÅ ÁÓ 

ÍÁÎÉÐÕÌÁÂÌÅ ÏÂÊÅÃÔÓ ÉÆ ÔÈÅÙ ÈÁÖÅ ÎÅÖÅÒ ÌÅÁÒÎÅÄ ÁÎÏÔÈÅÒ ×ÁÙ ÏÆ ÌÏÏËÉÎÇ ÁÔ ÔÈÅÍȱ ÉÓ ÔÈÅ ÂÁÓÉÓ ÏÆ 

the inequality of a society like ours. A society in democracy is difficult to be thought of if 

citizens are not "capable of thinking for themselves, criticizing tradition, and understanding 

ÔÈÅ ÍÅÁÎÉÎÇ ÏÆ ÏÔÈÅÒ ÐÅÏÐÌÅͻÓ ÓÕÆÆÅÒÉÎÇÓ ÁÎÄ ÁÃÈÉÅÖÅÍÅÎÔÓȢͼ ,ÉËÅ×ÉÓÅȟ ȰɉȣɊ ÇÅÎÅÒÁÔÉÏÎÓ ÏÆ 

utility machines will begin to be produced, ÉÎÓÔÅÁÄ ÏÆ ÃÏÍÐÒÅÈÅÎÓÉÖÅ ÃÉÔÉÚÅÎÓȱ ɉ6ÁÌÄïÓȟ ςπρχɊȢ 

The same could be thought of the educational reforms of secondary education where the 

government tried to eliminate philosophy, history and the arts, at some point in Chile. When 

there is little or no crit ical or reflective thinking, as Adriana Valdés puts it, the sense of what 

the country wants to achieve is lost, part of the citizenry begins to feel exploited and excluded. 

In this way, people become useful in the manner of Heidegger (Acevedo, 2016). The utensil, 

the human being in this case, remained unthemed by deception, or fear, thus remaining at the 

hand of the system for decades, both at the beginning of the republic and throughout the 

twentieth century. In the same way, the person is "provoked" and transformed into a resource 

even though it is not, but it becomes quantifiable. Without going any further, companies still 

maintain their Human Resources departments today. Some recently began to call their 

workers collaborators, thus forming a respectional totality. When all the above happens, 

without realizing it, Byung Chul-Han's statement, "Now you exploit yourself and believe you 

are realizing yourself," makes perfect sense. For these reasons it is that humanistic knowledge 

is for life and not instrumental, temporary, as are some skills that have been learned and then 

discarded due to their obsolescence over time, an example of the above is the learning of 

computational languages that a user had to have to operate a computer, before the appearance 

of the Windows operating system. According to Ordine (2018), knowledge, humanistic for our 

ÉÎÔÅÒÅÓÔȟ ÉÓ ÔÈÅ ÏÎÌÙ ÆÏÒÍ ÏÆ Ȱ×ÅÁÌÔÈȱ ÔÈÁÔ ÄÏÅÓ ÎÏÔ ÄÉÍÉÎÉÓÈ ÏÒ ÌÏÓÅ ×ÈÅÎ ÉÔ ÉÓ ÇÉÖÅÎ ÁÎÄȟ ÏÎ ÔÈÅ 

contrary, it does enrich the recipient for life. 

The fact that people always experience crises is a fundamental reason to study the humanities. 

We exemplify this, in general, with engineers who throughout their lives make decisions based 

on the quantitative; However, when all the goals are fulfilled as family, home, car and midlife 

approaches, some begin to wonder what the meaning of all this has been, feeling enslaved to 

work and the responsibilities of life. It is when the midlife crisis can appear. The humanities 

are the way that leads to the answers and that solves such uncertainties and questions by 

finding in them those answers that are not quantitative, but qualitative. Literature gives some 

examples that transpose time such as Hamlet and his vital doubt of taking revenge, or not on 

her mother and uncle for the death of her father, the king of Denmark or Faust selling his soul 
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to the devil for the success that did not arrive. How useful it is to read these texts to realize 

that literature contains this knowledge that has no immediate economic value, but that helps 

people understand vital issues in times of crisis. 

Other types of crises, such as social ones, have been present throughout the history of 

humanity. Some of them recent, in Chile, such as the social issue of the nitrate companies at 

the beginning of the last century, with all that it meant between abuses and deaths of men, 

women and children. Then Luis Emilio Recabarren (2010), in his speech "The Rich and the 

Poor Through a Century of Republican Life", in Rengo on September 3, 1910, diagnoses the 

situation of Chilean workers when celebrating the centenary of the republic and where he says 

that the workers, one hundred years after the republic, have nothing to celebrate. That is why, 

for him, it was so important that workers know how to read: 

To promote instruction, in all its degrees and in all its forms, is the duty of every person who 

considers himself civilized. Encouraging education, as has been said, is to weaken the 

foundations of unpredictability and vice; it is to initiate his disappearance ... Let us encourage 

ÈÉÍ ÔÏ ÒÅÁÄȟ ÔÏ ÔÈÉÎËȟ ÔÏ ÁÎÁÌÙÚÅȢ $ÏÉÎÇ ÔÈÉÓȟ ɉȣɊ ÉÓ ÌÅÁÄÉÎÇ ÔÈÅ ÐÅÏÐÌÅ ÔÏ ÉÍÐÒÏÖÅ ÔÈÅÉÒ ÌÉÖÉÎÇ 

conditions. The most educated people will be the most powerful people. (p. 55) 

In an interview, Howard Gardner (2016) says: 

ɉȣɊ !ÎÄ ÉÔ ÉÓ ÏÎÅ ÏÆ ÔÈÅ ÒÅÁÓÏÎÓ for the crisis of maturity, when they realize that there are no 

ɉȣɊ ÈÕÍÁÎÉÓÔÉÃ ÓÔÕÄÉÅÓȡ 0ÈÉÌÏÓÏÐÈÙȟ ,ÉÔÅÒÁÔÕÒÅȟ (ÉÓÔÏÒÙ ÏÆ 4ÈÏÕÇÈÔ ɉȣɊȢ 9ÏÕ ÃÁÎ ÌÉÖÅ ×ÉÔÈÏÕÔ 

philosophy, but worse. In an experiment with MIT engineers, we discovered that those who 

had not studied humanities, when they reached their 40s and 50s, were more likely to suffer 

ÃÒÉÓÅÓ ÁÎÄ ÄÅÐÒÅÓÓÉÏÎÓ ɉȣɊȢ "ÅÃÁÕÓÅ ÅÎÇÉÎÅÅÒÉÎÇ ÁÎÄ ÔÅÃÈÎÏÌÏÇÉÃÁÌ ÓÔÕÄÉÅÓ ÅÎÄ ÕÐ ÇÉÖÉÎÇ ÙÏÕ 

a feeling of control over your life, in the end, unreal: you only focus on what has a solution and 

on the questions with answers. And for years you find them. But, when with maturity you 

ÄÉÓÃÏÖÅÒ ÔÈÁÔ ÉÔ ÉÓ ÉÍÐÏÓÓÉÂÌÅ ÔÏ ÃÏÎÔÒÏÌ ÅÖÅÒÙÔÈÉÎÇȟ ÙÏÕ ÂÅÃÏÍÅ ÄÉÓÏÒÉÅÎÔÅÄ ɉȣɊ ÄÕÅ ÔÏ ÌÁÃË ÏÆ 

humanistic studies. 

Training in the humanities allows promoting reflection in people, producing an internal 

change in them. This also allows a personal reflection to make a generational comparison 

between the present generation and their parents or grandparents. Likewise, with the 

evolution of society, allowing a reflection on it and how they will develop in their work 

environment, for example, to help improve society. This reflection gives all people the 

opportunity to share and realize that they have common ideas. Morin (1999), raises the need: 

(...) for the education of the future, of a great relationship of the knowledge resulting from the 

natural sciences in order to locate the human condition in the world, of those resulting from 

the human sciences to clarify the multidimensionalities and human complexities and the need 

to integrate the invaluable contribution of the humanities, not only of philosophy and history, 

but also of literature, poetry, the arts (...). (p. 22). 

Adela Cortina (2018) adds an ethical factor to humanities training when she points out: 
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The question is not, then, in schools and universities to train only well-specialized technicians 

who can compete and meet the demands of the markets, whatever they may be, but to educate 

good citizens and good professionals, who know how to use the techniques to implement them 

at the service of good ends, who take responsibility for the means and the consequences of 

their actions in order to achieve the best ends. (pp. 134-135) 

In some relation to this, the only thing we are clear about going forward is that society as a 

whole will change, be it in technology, education, jobs or historical processes, therefore the 

last thing that education should do is deliver more information to students, they already have 

a lot (Harari, 2018). What they will need is the ability to decide between what is more or less 

important, it is in these circumstances where the professional person of the future will need a 

solid humanistic training that allows them to have the tools that enable them to make better 

decisions, both in terms of personal as well as professional. Harari himself states that: 

The decisions we make in the coming decades will shape the future of life itself, and we can 

make these decisions only from our current world view. If this generation lacks a complete 

conception about it, the future of life will be decided at random. (pp 287-288) 

Methodology  

A qualitative research was carried out, which is guided by significant areas or research topics. 

Ander-%ÇÇ ɉςπρρɊ ÄÅÆÉÎÅÓ ÔÈÅ ÃÏÎÃÅÐÔ ÏÆ ÒÅÓÅÁÒÃÈ ÁÓ ȰÁ ÒÅÆÌÅÃÔÉÖÅȟ ÓÙstematic, controlled and 

critical procedure that aims to discover or interpret the facts and phenomena, relationships 

ÁÎÄ ÌÁ×Ó ÏÆ Á ÃÅÒÔÁÉÎ ÁÒÅÁ ÏÆ ÒÅÁÌÉÔÙȱ ɉÐȢρψɊȢ 7ÉÔÈÉÎ ×ÈÉÃÈ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÁÎÄ ÎÁÒÒÁÔÉÖÅ ÄÉÁÒÉÅÓ 

were used, through the latter, the data of this research were taken, so that the students could 

express their appreciations of their state before and after taking humanities subjects from the 

curriculum of their career. 

Narratives were used to collect data which sought to gather information about the course, 

which aspect was the most relevant for students when learning humanities, for example. The 

narratives of the students delivered throughout the semester were analyzed. Data analysis 

was carried out with the qualitative software Atlas.Ti 7.0. 

Narratives in education are used as a didactic resource, in this way the conception of an 

education that is limited to the memorization of information and its retention is combined, 

where the student is motivated to learn new knowledge in a different way (Tapia, 2019). 

The notion that mediates the narrative perspective is that of listening to the voice of the 

subjects, understood as that which is the bearer of life history (Arévalo, Fernández, Hidalgo, 

Lepe, Miranda, Nuñez and Reyez, 2016. p. 225) 

Results 

To begin with the narratives, a coding was carried out and then organized and grouped into 

categories according to the main topic of the research, which allowed to develop an 

interpretation and synthesis of the information found in the narratives. The categories were 

raised once the narratives were applied to the participants of the experience. 
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Figure 1. Humanities Education semantic network 

Figure 1 shows the semantic network called Education in Humanities in which three 
subcategories can be seen, the first called Strengths, it is observed that humanities training 
favors reading in students, allows them to reflect on his practice, to be able to express himself. 
In addition, the strategies used in the course facilitate teaching and it is given in a more 
contextualized way. 

It is observed, in the second subcategory called Way of Thinking, how students are able to 
open their minds to other topics proposed in class, discuss ideas and relate concepts. There is 
also the third subcategory called Obstacles, where, due to the information provided by the 
students, one of the drawbacks is that the humanities are very little valued in the training of 
engineers, there are no compulsory humanities courses, the Humanities courses are very little 
valued by students too, they prefer to take other subjects. 
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Figure 2. Semantic network Experience with narratives in engineering training. 

Figure 2 shows the semantic network corresponding to experiences with narratives in the 
training of engineers, it is composed of three subcategories. The first subcategory is called 
Meaning of Writing, here we find how writing influences students and the benefits that it 
brings them in their training, increasing their creativity, allowing them to know other realities. 

The second subcategory is called Writing and Reflection, here we obtain how students present 
a willingness to write and realize that this is a tool that allows them to achieve changes in 
society, since they can put themselves in the place of the other and better understand reality, 
leading them to reflect on the situations they have experienced. 

The third subcategory is called Difficulties when working with narratives, where we find the 
resistance of students towards writing, since they insist that they have very little time to carry 
out this activity, in addition to an overload of work. 

Conclusions 

It can be observed, through the interviews applied to the course participants, that working 
with narratives is a learning experience that allows to modify the work in the classroom and 
that favors knowing other ways of delivering the contents. This helped to increase 
communication within the work groups, foster responsibility among students, with a greater 
bonding of students, as a result of the knowledge generated between them, they also 
recognized the ability to incorporate changes during the development of classes, being able to 
respond to emerging situations.  

This research will continue in the future with a quantitative component, where a 
questionnaire will be built, to expand it to a mixed research. 
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Finally, everything that makes them more human and that will contribute to the different 
capacities of the future professional person. Likewise, the teaching of the humanities, at the 
university level, would allow students to relate different aspects that influence decision-
making in the various areas of their lives. The above to have, in the end, not only a specialist 
who makes better decisions, but an integral person, aware of his/her social, historical, cultural 
environment and with instrumental knowledge for life, at the same time. 

References 

[1] Acevedo Guerra, J. (2016). Heidegger y la época técnica. Santiago. Chile. Editorial 
Universitaria.Ander-Egg, E. (2011). Aprender a Investigar. Nociones básicas para la investigación 
social. Córdoba. Argentina. Editorial Brujas. 

[2] Arévalo, A., Fernández Ll, B., Hidalgo, F., Lepe, Y., Miranda, C., Núñez, M., & Reyes, L. (2016). 
Corporalidades y narrativas docentes: un dispositivo metodológico para la investigación y 
formación de profesores. Estudios pedagógicos (Valdivia), 42(4), 223-242. Recuperado de  : 

[3] https://scielo.conicyt.cl/scielo.php?pid=S0718-07052016000500013&script=sci_arttext&tlng=e 
[4] Belandria, J.(2011). Importancia de la formación humanística, ecológica, social y ética en los 

estudios de ingeniería. Ciencia e Ingeniería, 32(1),17-23. ISSN: 1316-7081. Recuperado 
de: https://www.redalyc.org/articulo.oa?id=5075/507550790004 

[5] Cortina, A. (2018). La £tica. àPara qu® sirve realmenteé? Barcelona. Espa¶a. Paid·s. 
[6] Eagleton, T. (2016). Cultura. Barcelona. España. Taurus. 
[7] Gardner, H. La vanguardia. (2019, 30 de diciembre). Una mala persona no llega nunca a ser buen 

profesional. Argentina. Fasgo. Recuperado de 
[8] http://www.fasgo.org.ar/images/Una_mala_persona_Profesional.pdf 
[9] Harari, Y.N. (2018). 21 lecciones para el siglo XXI. Santiago. Chile. Debate. 
[10] Morín, E. (1999). Los siete saberes necesarios para la educación del futuro. Paris. Francia. 

UNESCO. 
[11] Nussbaum, M. (2010). Sin fines de lucro. Por qué la democracia necesita de las humanidades. 

Buenos Aires. Argentina. Katz editores. 
[12] Ordine, N (2018). La utilidad de lo inútil. Manifiesto. Barcelona. España. Acantilado. 
[13] Ordine, N. (2018). Una escuela para la vida. Valparaíso. Chile. Editorial Universidad de Valparaíso. 
[14] Recabarren, L. (2010). Ricos y pobres. Santiago. Chile. Lom ediciones. 
[15] Tapia, J. L. (2019). Uso de narrativas digitales como recurso didáctico para el aprendizaje adulto: 

propuesta de diseño para su integración en el aprendizaje permanente. 593 Digital Publisher 
CEIT, 4(4), 29-43.  Recuperado de : 

[16] https://doi.org/10.33386/593dp.2019.4.114 
[17] Valdés, A. (2017). Redefinir lo humano: las humanidades en el siglo XXI. Valparaíso. Chile. 

Editorial Universidad de Valparaíso. 
[18] Belandria, José (2011). Importancia de la formación humanística, ecológica, social y ética en los 

estudios de ingeniería. Ciencia e Ingeniería, 32(1),17-23.[fecha de Consulta 4 de Noviembre de 
2020]. ISSN: 1316-7081. Disponible 
en: https://www.redalyc.org/articulo.oa?id=5075/507550790004 

  

https://scielo.conicyt.cl/scielo.php?pid=S0718-07052016000500013&script=sci_arttext&tlng=e
about:blank
http://www.fasgo.org.ar/images/Una_mala_persona_Profesional.pdf
about:blank


ISSN 2601-6303 (Print)  
ISSN 2601-6311 (Online) 

European Journal of  
Engineering and Formal Sciences 

September ɀ December 2020 
Volume 4, Issue 3 

 

 
44 

Effect of Different Concentrations of Titanium Dioxide Nanoparticles on 
the Potential Barrier of Organic Device  

 

Sudipta Sen 

N. B. Manik 

Condensed Matter Physics Research Centre,  

Department of Physics, Jadavpur University, India 

 

Abstract  

Present work has studied potential barrier of Phenosafranin dye based organic device 
and has observed influence of different concentrations of titanium dioxide 
nanoparticles on this parameter. We have made different devices by taking different 
weight ratios of the dye ɀ nanoparticles blend which are 1:1, 1:2, 1:3 and 1:4. These 
organic devices have been formed by varying the concentrations of titanium dioxide 
nanoparticles keeping same dye content. One device is also formed without any 
nanoparticle to compare influence of nanoparticle on potential barrier of the device. 
These devices are formed by sandwiching the dye ɀ nanoparticle blend in between 
the Indium Tin Oxide coated glass and Aluminium coated mylar sheet. The potential 
ÂÁÒÒÉÅÒ ÉÓ ÍÅÁÓÕÒÅÄ ÆÒÏÍ ÄÅÖÉÃÅȭÓ )-V plot and also by Norde function. These two 
methods remain in good agreement showing that potential barrier is mostly 
decreased when the concentration of the titanium dioxide nanoparticles is highest in 
the blend of Phenosafranin dye and titanium dioxide nanoparticles. The ratio of dye ɀ
nanoparticle blend of 1:4 shows lowest potential barrier and it is highest when 
Phenosafranin dye based organic device is made without any nanoparticle. The 
reduced potential barrier in the presence of higher concentration of nanoparticles can 
be ascribed to improved filling of traps. Lowered potential barrier at metal ɀ organic 
contact will improve the charge flow resulting in better performance of the device. 

Keywords: Metal ɀ Organic Dye Interface; Norde Function; Potential Barrier; Phenosafranin 
Dye; Titanium dioxide Nanoparticles  

 

1. Introduction  

Certain features of organic devices such as cost effectiveness, high flexibility, easy processing, 
light weight and large area fabrication make them highly promising for many devices in recent 
years [1-3]. The performance of organic electronic devices is strongly dependent on the charge 
flow at metal ɀ organic (M/O) contact when dye is sandwiched in between two metal 
electrodes having different work functions. The main limitation of this device is the poor 
charge flow at M/O contact. There are many reasons behind the poor charge flow at the contact 
but in our work, we have ascribed high potential barrier at contact to be the main reason 
behind the low charge injection process. Earlier in our works, [4-7], we have tried to improve 
the flow of charge in terms of barrier lowering, trap concentration decreasing by modifying 
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back electrode and also by incorporating different nanoparticles in different organic devices. 
In present work, variation of nanoparticles concentration has been done to observe its 
influence on potential barrier at the contact. We have taken Phenosafranin (PSF) dye as the 
organic material and this dye has been sandwiched in between Indium Tin Oxide (ITO) coated 
glass and Aluminium coated mylar (Al-M) sheet in absence of any nanoparticle. To observe 
influence of varying concentration of nanoparticles, we have chosen titanium dioxide (TiO2) 
nanoparticle and have varied its concentration keeping the PSF dye concentration same. 
Titanium dioxide occurs in three crystalline polymorphs such as rutile, anatase, 

and brookite and it has been extensively studied for its interesting electric, magnetic, catalytic, 
and electrochemical properties [8-9]. In one of our earlier works [10], we have shown the 
effect of titanium dioxide (TiO2) nanoparticle on potential barrier and charge trapping of PSF 
dye based organic device without varying the concentration of nanoparticles but in this work, 
variation of concentration of titanium dioxide (TiO2) nanoparticle on potential barrier of PSF 
organic dye based device will be studied in detail.  In this work, titanium dioxide has been used 
in its anatase form. In some previous works, titanium dioxide has been introduced to improve 
the morphology of active layers in sandwiched structure organic device to increase the 
efficiency of the device and due to its chemical stability and biocompatibility, TiO2 also finds 
its application in gas sensors, photocatalytic degradations of organic compounds and 
photovoltaic and photo electrochemical cells [11-13]. TiO2 has a wide energy gap, a lower 
recombination rate of electronɀhole pairs and high mobility along with controllable size which 
can be modified by addition of an organic molecule which in turn could change the interactions 
with other device components [14-15]. TiO2 incorporation will also reduce the sensitivity of 
the organic semiconductor based device to oxygen and water vapour [16]. 

The current flow at the metal ɀorganic contact can be either space charge limited current 
(SCLC) or injection limited current (ILC). From the theoretical calculations, it has been seen 
that for a potential barrier less than 0.3 eV, the current is space charge limited at room 
temperature [17] and when the interfacial barrier is greater than 0.3 eV, current is injection 
limited. In our work, as potential barrier at the contact has been found to be greater than 0.3 
eV, we have considered the flow of the current as injection ɀ limited. 

We have estimated potential barrier at the metal - organic contact by using Richardson ɀ 
Schottky (RS) model [18]. We have estimated potential barrier from I ɀV plot of this device 
without any nanoparticle and also for different concentrations of TiO2 nanoparticles. We have 
ÁÌÓÏ ÕÓÅÄ .ÏÒÄÅ ÍÅÔÈÏÄ ÔÏ ÃÈÅÃË ÔÈÅ ÃÏÎÓÉÓÔÅÎÃÙ ÏÆ ÔÈÅ ÏÂÔÁÉÎÅÄ ÄÁÔÁ ÆÒÏÍ ÄÅÖÉÃÅȭÓ )-V plot. 

2. Materials  

Phenosafranin dye is a cationic dye whose structure is shown in Fig. 1 (a).  This dye has been 
procured from Sigma Aldrich, Germany. Phenazinium dyes have extensive applications in 
semiconductors [19]. To observe the effect of nanoparticles in this organic dye based device, 
we have incorporated titanium dioxide nanoparticles (TiO2) to the PSF cell. We have used TiO2, 
which is in anatase form [20]. Its molecular weight is 79.90 g/mol. We have used 100 nm size 
TiO2 nanoparticles. The TiO2 nanoparticles have been brought from Sigma-Aldrich, Germany. 
Here the structure of the TiO2 nanoparticles is depicted in Fig. 1 (b). 
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                                     (a)                                                                                (b) 

Fig 1 Structure of (a) Phenosafranin (PSF) dye and (b) Titanium dioxide (TiO2) nanoparticles 

3. Sample Preparation and Measurements  

At first the PSF dye solution is prepared without any nanoparticle. In one of our earlier works 
[21], we have mentioned the PVA solution making technique. Now 2 mg of PSF is added in the 
solution and stirred for 10 minutes. One part of this solution is kept aside in a pre cleaned test 
tube. Then in the other portion of PSF dye solution, 2 mg TiO2 nanoparticles is added and well 
stirred. A PSF: TiO2 = 1:1 solution is kept separated. In this solution 2 mg of TiO2 is added for 
preparing 1:2 solution. Similarly, the TiO2 concentrations is increased to prepare 1: 3 and 1: 4 
solutions of PSF : TiO2. After preparing the solutions, PSF solution without any nanoparticle is 
spin coated at 1500 rpm speed and dried at 3500 rpm speed on a pre cleaned Indium Tin Oxide 
coated glass substrate. Similarly, the solution is deposited on the Aluminum (Al) coated mylar 
sheet and then ITO coated glass and Al-M are sandwiched together to form the cell. This cell 
and also other cells made of different solutions are vacuum dried for 12 hours. Concentrations 
of PSF: TiO2 in the other four cells are 1:1, 1:2, 1:3 and 1:4. Fig. 2 expresses schematic of 
Phenosafranin (PSF) dye based organic device. The thickness of each layer of the sandwiched 
structured device which are comprised of ITO electrode, PSF dye- nanoparticles composite 
and Al-M electrode are 1.3µm, 4µm and 1.7 µm respectively.  

 

Fig. 2 Schematic diagram of the organic device 
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Figures 3 (a), 3 (b), 3 (c) and 3 (d) show the SEM images of four different concentrations of 
titanium dioxide nanoparticles in the four cells comprising of PSF: TiO2 in the ratios of 1:1, 1:2, 
1:3 and 1:4 respectively.  

      

                               (a)                                                                             (b) 

     

                                 (c)                                                                            (d)                                                                          

Fig. 3 SEM images of four different concentrations of TiO2 nanoparticles in four different 
organic devices comprising of PSF: TiO2 in the ratios of (a) 1:1, (b) 1:2, (c) 1:3 and (d) 1:4 
respectively 

In Fig. 3 (a) the SEM image reveals highly agglomeration of titanium dioxide nanoparticles. 
Agglomeration of nanoparticles affects the characteristics of nanoparticles and these 
agglomerates significantly decrease the number of nanoparticles in nanocomposites at a 
constant filler concentration [22]. The image in Fig. 3 (b) shows a slight decrease in 
agglomeration of titanium dioxide particles. Fig. 3 (c) shows SEM image which reveals clearly 
defined titanium dioxide nanoparticles. There are noticeable voids and pores on the surface. 
With increasing concentration of titanium dioxide nanoparticles, an alteration in the structure 
has been observed which is shown in Fig. 3 (d). It has been assumed that the observed big 
chunks are caused by higher supersaturation concentration of titanium dioxide nanoparticles 
since the atoms are readily available for random growth.  

Keithley 2400 source measurement unit has been used for current ɀ voltage measurement. In 
one of our earlier works, the detail of the current ɀ voltage measurement technique is 
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discussed [23]. The voltage range is kept in between 0 to 6 V in steps of 0.2 V with delay of 
1000 ms. The room temperature was kept at 250C. 

4. Results and Discussion 

Steady ɀ state current ɀ voltage (I - V) plot of the PSF organic device without any nanoparticle 
and with different TiO2 nanoparticles concentrations have been shown in Fig. 4. This figure 
shows that current improves with the increase TiO2 nanoparticles concentration. When the 
concentration ratio of PSF and TiO2 nanoparticles is 1:4, the current flow in the organic device 
is highest compared to other concentration ratios of PSF and TiO2 nanoparticles which are 1:1, 
1:2 and 1:3 respectively. The current flow is lowest when there is no nanoparticle present in 
the PSF dye based device. We can infer from these I-V plots that, charge injection process gets 
improved in presence of nanoparticles which can be related to the filling of traps. These traps 
are also act like recombination centres. By filling the traps, charge flow gets improved due to 
the presence of TiO2 nanoparticles, which will also be resulting in potential barrier lowering 
at metal ɀorganic contact.  

 

Fig. 4 Dark I-V plots of PSF dye without any nanoparticle and with different TiO2 nanoparticles 
concentrations 

Potential barrier is estimated from semi-logarithmic I ɀ V plot of organic device without any 
nanoparticle and with different TiO2 nanoparticles concentrations which has been shown in 
Fig. 5. This figure shows with introduction of TiO2 nanoparticles, the potential barrier is 
lowered. Potential barrier is smallest when the concentration ratio of PSF dye and TiO2 
nanoparticles is 1:4 and it is highest for this device when no nanoparticle is present. 
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Fig. 5 Semi log I-V plots of PSF dye without any nanoparticle and with different TiO2 
nanoparticles concentrations 

We have analyzed the current voltage characteristics of this PSF dye based device by using 
Richardson- Schottky (RS) model. Current is expressed as given by the following equation (1-
2) 

                                             ) !!ᶻ4 exp ( ɼה ) (exp (  -1)                     (1) 

                                                          ) !!ᶻ4 exp ( ɼה )                               (2) 

7ÈÅÒÅȟ ɼ Ѐ ɉÑȾË4Ɋ ÁÎÄ Ñ ÉÓ ÔÈÅ ÃÈÁÒÇÅ ÏÆ ÅÌÅÃÔÒÏÎȟ 6 ÉÓ ÔÈÅ ÖÏÌÔÁÇÅ ÔÈÁÔ ÉÓ ÁÐÐÌÉÅÄ ÔÏ ÔÈÅ ÄÅÖÉÃÅȟ 
! ÉÓ ÔÈÅ ÄÅÖÉÃÅ ÁÒÅÁȟ Ë ÉÓ ÔÈÅ "ÏÌÔÚÍÁÎÎȭÓ ÃÏnstant, T is absolute temperature, A* is the effective 
Richardson constant, n is the ideality factor and ה  is the potential barrier and I0 is the 
saturation current [24-30]. The area of all the devices is of 1.5 cm2. 

Determination of saturation current is done by finding Y-axis intercept of ln (I) vs V curves 
and ה  is obtained from I0 extrapolation in the semi log forward bias I ɀ V plot. 

The potential barrier of prepared device can be estimated from equation (3) [31-32] which 
can be deduced from equation (2) 

ה                        ÌÎ 
ᶻ

                                        (3) 

We have also calculated potential barrier by Norde function. Norde function interrelates 
function F (V) and the current I (V). The expression has been shown in the equation given 
below (4) and I (V) is the current, measured from I-V characteristics of the device where all 
symbols carry their usual meaning [33].  
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           F (V) = ) - ÌÎ ᶻ )                              (4) 

×ÈÅÒÅ ɾ ÉÓ ÔÈÅ ÆÉÒÓÔ ÉÎÔÅÇÅÒ ÇÒÅÁÔÅÒ ÔÈÁÎ ÎȢ 

In Fig. 6, the potential barrier is estimated without any nanoparticle and with different TiO2 
nanoparticles concentrations. The expression is shown in the following equation (5) [34-35] 
where F (Vmin) = minimum value of Norde function. 

 F (Vmin) +  -                               (5) =ה                                                   

Fig. 6 shows that with presence of TiO2 nanoparticles, potential barrier is lowered and the 
ÃÁÌÃÕÌÁÔÅÄ ÖÁÌÕÅÓ ÏÆ ÔÈÉÓ ÐÁÒÁÍÅÔÅÒ ÒÅÍÁÉÎ ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÔÈÅ ÖÁÌÕÅÓ ÏÂÔÁÉÎÅÄ ÆÒÏÍ ÄÅÖÉÃÅȭÓ 
I -V plot. The potential barrier estimated by Norde function also shows that  ה  is lowest when 
the concentration ratio of PSF dye and TiO2 nanoparticles is 1:4 and Ét is highest when the 
device is fabricated without any nanoparticle. 

 

Fig. 6 Norde Function of PSF dye in absence of any nanoparticle and in presence of different 
concentrations of TiO2 nanoparticles 

The calculated values of potential barrier from I-V plots and by Norde function is shown in 
Table I given below 

Table I Calculation of Potential Barrier of PSF Organic device without any nanoparticle and 
with different TiO2 nanoparticles concentrations 

Devices 
( PSF:TiO2 ) 

Potential Barrier from I ï V Plot (eV) Potential Barrier from Norde 
Function 
(eV) 

Without any nanoparticle 0.81  ± 0.05 0.83 

1:1 0.44  ± 0.05 0.47 
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1:2 0.43  ± 0.05 0.44 

1:3 0.40  ± 0.05 0.42 

1:4 0.38  ± 0.05 0.37 

 

From the above table it can be seen from analyzing steady state I-V plots that both the 
methods are in unison in showing that potential barrier is reduced maximum in the PSF: TiO2 

nanoparticles composition of 1:4.  

5. Conclusions 

In this work, we have estimated potential barrier at M/O contact of PSF organic device with 
different titanium dioxide (TiO2) nanoparticles concentrations. The potential barrier has 
been estimated by using I-V plot of organic device. The values of potential barrier obtained 
from I-V plot analysis remain consistent with values estimated by using Norde method. It has 
been found out that the potential barrier is lowest for the highest concentration of TiO2 

nanoparticles in the composite of PSF and TiO2 nanoparticles. When the concentration ratio 
of PSF and TiO2 nanoparticles is 1:4, it gives least potential barrier at the interface compared 
to other concentration ratios of PSF and TiO2 nanoparticles which are 1:1, 1:2 and 1:3 
respectively. The potential barrier is highest when the PSF organic device is formed without 
any nanoparticle. It can be inferred from these results that the presence of higher 
concentrations of TiO2 nanoparticles improve flow of charge by potential barrier lowering at 
M/O contact which can also be ascribed to filling of traps. The device conductivity will also 
be ameliorated due to improved charge flow at M/O contact. 
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Abstract  

The study was aimed at providing a device to estimate the range of values of the u- 
and d-quark masses through the elastic ep-scattering form factors at the low energy 
regime. ROOT generated dcsep data sets, from theoretical and experimental form 
factors, were compared to modified dcseq and their intersections were determined 
from the average of a total of 3000 events for each dcs at various scattering angles 
selected randomly from 0o to 180o. The proton mass was required as a parameter 
used in the relativistic recoil factor of dcseq to shift its distribution closer to dcsep 
thereby attaining the critical intersections. For quarks carrying effective masses, the 
extrapolated energy intersection of dcsep generated from the average of all form 
factors with the modified dcseu is 226.00013MeV2 and this is lesser than that of the 
modified dcsed at 1093.00004MeV2 with bin size of 1MeV2 and their respective dcs 
intersections are 10.07049x10-4 and 0.36976x10-4, in barns. Summary of results are 
also given for quark masses derived from MS scheme and Lattice QCD. By considering 
all possible scattering angles at fixed transfer momentum, the relativistic recoil factor 
was treated as a constant that shifted the distribution and gave rise to a tool in 
estimating quark mass range. 

Keywords: Quark Masses, Form Factors, dcs, Proton Mass, Relativistic Recoil Factor 

 

Introduction  

The up (u) and down (d) quarks are the lightest generation of quarks. As major constituents 
of matter, they form the proton (uud) and neutron (udd). Their respective masses, m u=2.2+0,5- 
0.4MeV and md=4.7+0,5-0.3MeV, are estimates in a Mass-independent Subtraction (MS) scheme 
[19]. They were first observed by experiments at the Stanford Linear Accelerator Center 
(SLAC) in 1968 [3,5] through deep inelastic scattering (DIS) experiments which indicated the 
protons to be made-up of three of these fundamental substructures [8]. Despite being 
common, the bare masses of u and d are not well determined. However, Lattice QCD 
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calculations have a more precise value of 2.01±0.14MeV/c2 and 4.79±0.16MeV/c2, respectively 
[7]. 

Masses of quarks are fundamental parameters of the Standard Model. Quarks are confined 
inside the hadrons and are not observed as physical particles, therefore, quark masses cannot 
be measured directly but must be determined through their influence on hadronic properties. 

Any quantitative statement about the value of a quark mass must refer to the particular 
theoretical framework that is used to define it. The quark masses for light quarks are often 
referred to as the current (bare) quark masses. Non-relativistic quark models use constituent 
(effective) quark masses, which are in the order of ~350MeV for the u and d quarks. 
Constituent quark masses model the effects of dynamical chiral symmetry breaking and are 
not directly related to the quark mass parameters of the QCD Lagrangian. Constituent masses 
are only defined in the context of a particular hadronic model. For mass measurements in 
lattice gauge theory one computes a convenient and appropriate set of physical quantities, 
frequently chosen to be a set of hadronic masses, for a variety of input values of the quark 
masses; precise measurements are determined by the lattice spacing a, that is the distance 
between neighboring points of the lattice and quark masses. The true physical values of the 
quark masses are those which correctly reproduce the set of physical quantities being used 
for the calibration. In the particle data listings, quark masses have been obtained by using a 
wide variety of methods. Each method involves its own set of approximations and 
uncertainties. In most cases, the errors are an estimate of the size of neglected higher-order 
corrections or other uncertainties. It is also important to note that the quark mass values can 
be significantly different for different schemes. At low energy Quantum Chromodynamics 
(QCD) where both perturbation theory and asymptotic freedom are not possible, the collective 
interactions between valence and sea quarks become significant. The effects of virtual quarks 
and gluons in the sea of quarks are assigned to some particular quarks, which get surrounded 
by the dense cloud of virtual quarks and gluons. This cloud is a high energy barrier concealing 
the current quark at the core. This system is called constituent quark with an effective mass. 
The bare masses of u and d are so light that they cannot be straightforwardly calculated 
because relativistic effects have to be taken into account. 

Form factors used to generate differential cross section of elastic electron-proton scattering 
(dcsep) were measured through various methods. One of which is by Rosenbluth Extraction 
Method which obtains them from the plot of the reduced cross section versus the square of 
ÔÈÅ ÔÒÁÎÓÆÅÒ ÍÏÍÅÎÔÕÍ ÁÔ ÓÅÖÅÒÁÌ ÁÎÇÌÅÓ ÂÙ ÄÅÔÅÒÍÉÎÉÎÇ ÔÈÅ ÐÌÏÔȭÓ ÓÌÏÐÅ ÁÎÄ ÉÎÔÅÒÃÅÐÔȟ ÁÎÄ 
performing linear regression with it [14]. With the world data [1,2,13,17,20], the form factor 
ratio is consistent to ~1.0 at very low energies. Another is by Polarization Transfer Method, 
wherein the form factor ratio is measured through polarization transfer where longitudinally 
polarized electron beam is scattered from an unpolarized proton target. For ep-scattering in 
the single-photon exchange, it was shown that the normal component of polarization vanishes 
and the transverse and longitudinal components satisfy certain conditions [15]. Without the 
need to measure the cross-sections, this gives the form factor ratio but which does not agree 
well Rosenbluth measurements. Form factor ratio from polarization transfer are well fit by 1-
0.13( Q2-0.04) [9]. The Super-Rosenbluth method of form factor extraction is associated with 
smaller angular-dependent corrections. And here, it is the protons that are scattered rather 
than electrons. Experimental data and results of elastic simulation from [14] used the Bosted 
global fit of previous Rosenbluth data from [4] due to the slight variation of Q2 across the finite 
momentum and angle acceptance. P.E. Bosted ensured that form factors from the elastic 
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simulation gave the closest corresponding final cross section. However, it is only valid at 
0<Q2<7GeV2. Another fitting procedure was presented in [22] and explained with details in 
[16]. For the proton, simultaneous fitting on form factors to the data were performed and the 
fit is a bounded polynomial z-expansion [12]. This global data fitting procedure is valid up to 
Q2~30GeV2. 

Since the masses of u and d are not directly calculated, a device test can be formulated to 
estimate their masses via the measurement of the dcs generated from the form factors of 
elastic ep-scattering. The main objective of this study is to develop a technique in the mass 
estimation of u- and d-quarks with the proton mass as a parameter (and vice-versa) using the 
dcsep generated from theory and experiments. The investigation was mainly to determine the 
energy and dcs intersections of dcsep, dcseu and dcsed where the quarks assume the minimum/ 
maximum bare and effective masses by modifying the relativistic recoil factor using the proton 
mass at the low energy regime. 

Methods  

The generated dcsep data sets are compared to the modified dcseq, where q is either u and d, 
and their intersections were determined within the low energy regime. In the generation of 
dcseq, the quarks were assigned bare and effective (low energy) masses [10,18,19,21], 
separately. The relativistic recoil factor of dcseq of the spin-averaged eq-scattering is modified 
by using the mass of the proton in order to shift the distribution of dcseq closer to dcsep and 
thereby putting a possibility of finding an energy intersection with it. This energy intersection 
actually means the square of momentum transfer at which the two dcs meet. This materializes 
the proton mass a parameter in the determination of the quark mass estimates. The dipole 
proton form factors (dff) [11] and form factors derived from the fitting of experimental data, 
such as polarization transfer fitting (ptf) [14], Bosted global fitting (bgf) [4] and global data fit 
(gdf) [22]; and the average of all form factors (aff) were used to generate the data for dcsep. 
Using these form factors, the dcsep, dcseu, and dcsed were generated simultaneously in ROOT 
Data Analysis Framework [6]. The value for the anomalous magnetic moment of the proton 
used is ̂ =2.793 and the mass of proton is set at m p = 0.938272081±0.000000023 GeV. A total 
of 3000 events each for dcsep, dcseu, and dcsed were gathered at various scattering angles 
randomly selected within 0o to 180o. Then, they were averaged for each data point. 

Analysis  

The dcsep and dcseq are curves in the dcs versus Q2 plot but there is no assurance of their 
intersection in at least one point unless alterations have to be implemented. So, the proton 
mass was required as a parameter in the quarks mass test. This can be done through modifying 
the relativistic recoil factor of dcseq using the mass of proton, instead. For a fixed scattering 
angle or considering all angles, the relativistic recoil factor is just a constant at a particular 
transfer momentum. Doing so does not alter the distribution, however, it shifts the dcs 
vertically. Considering this modification could make the possible attainment of an energy 
intersection. With the proton mass in the recoil factor, the existence of an energy intersection 
at low-energy is highly probable. The proton mass parameter becomes the link between the 
two dcs curves. It should be noted that polarization transfer fitting (ptf) diverges at 
Q2~7.7GeV2 and Bosted global fit (bgf) is valid only at Q2~7GeV2. Hence, it is important that the 
intersections should be below these valid transfer momentum limit. To give a general 
applicability of the technique, the values of u- and d-quark bare masses (minimum and 
maximum) and the effective masses were used. Effective quark masses are important since 
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they dominate at low energy. Table 1 summarizes the bare and effective masses used as inputs 
to determine the energy and cross section intersections. 

Table 1. Mass range for u and d in MeV.  ______________  ________  _______  ________  

Measurement schemes  umin  umax dmin  dmax 

MS scheme [19] 1.80 2.70 4.40 5.20 

Lattice QCD [7] 1.87 2.15 4.63 4.95 

Effective mass [10] 336 340 

 

Estimation of the masses of u- and d-quarks using the generated dcsep from form factors 
coming from different fitting models has to establish the energy at which dcsep and modified 
dcseq intersect with the globally accepted proton mass as a parameter. Once the energy 
intersections and their corresponding form factors are determined and established, then the 
dcs can be generated and from it the range of masses will be obtained. Oppositely, with an 
established energy intersection, a range of values of u and d quark masses can be plugged-in 
to the modified dcseq to obtain the accepted experimentally derived proton mass. Hence, a 
technique is developed for the mass estimation of u- and d-quarks using the generated dcsep 
from form factors derived from experiments. Different experiments give different dcs 
corresponding to different form factors, whichever come first at a given energy, vesting a 
range of values for the quark masses as inputs to obtain the mass of the proton which is also 
determined in a multitude of ways. 

 

Figure 1. (a) The differential cross section (dcs) of the eu-scattering (red) and ed- scattering 
(blue) carrying effective masses are compared to that of ep-scattering (black) generated from 
the averaged form factors (aff). (b) The dcseu (red) and dcsed (blue) carrying effective masses 
are compared to dcsep (black) generated from aff with scattering angles ranging from 0o-180o. 
The intersections are pronounced here. 
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Results 

The global data fit (gdf), one of the four form factor data fittings considered, does not agree 
well with the other three. This is due to the coefficient parameters of the curve. The limits of 
coefficient parameters are chosen only when actual data are available for analysis. For this 
study, it is assumed that the dcs data points generated from this fitting procedure are the 
deviants to the expected outcomes and they constitute 25% to the dcs generated from the 
average form factors (aff). The choice of coefficient parameters for gdf, to be within -0.214 to 
0.214, is a compromised one and was based on the criteria that dcsep generated from gdf 
should produce an intersection with the modified dcseq not beyond 3GeV for both the modified 
dcseu and dcsed. It should be noted that gdf has a validity of up to ~30GeV2, that is way beyond 
the limits of polarization transfer fitting (ptf) and Bosted global fit (bgf) which are valid only 
up to ~7GeV2. 

Comparisons of the generated dcsep between dcseu and dcsed, where quarks assume the bare 
masses, have large disparities and no intersections were observed. However, in Figure 1(a) 
where quarks have effective masses, intersection can exist between the curves, see Tables 2 
and 3, for the summary of energy and dcs intersections. The extrapolated average energy 
intersection of dcsep from aff with dcseu is 346.00008MeV2. It has no intersection with dcsed 
but they were closest at ~1954.54339MeV2. Their corresponding extrapolated dcs are 
4.58726x10-4 and ~1.1597x10-5 in the units of barn, respectively. 

Table 2. Accessible low energy intersections of dcsep and dcseq in MeV2 with bin size of 

1 MeV2 and where the quarks assume effective masses. __________________  __________________  

Quark mass dff  pft  bgf gdf aff 

ueffective 
mass 

452.00004 485.00005 426.00001 2077.00001 346.00008 

deffective 
mass 

1243.00018 1494.00005 1277.00001 281.00002 * ~1954.54339 

*there is no intersection at this energy but the dcs are closest here. 

 

Table 3. Corresponding dcs (barns) intersections of ep and eq-scatterings in Table 2. 

Quark mass dff (x10-4) pft (x10-4) bgf (x10-4) gdf (x10-4) aff (x10-4) 

ueffective 
mass 

3.19285 2.89796 3.46249 0.34019 4.58726 

deffective 
mass 

0.18923 0.14330 0.18169 1.52151 ~0.11597 
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Figure 2. The dcseu (black) with minimum bare mass are compared to dcsep generated 
from (a) dff, (b) ptf, (c) bgf and (d) gdf form factor data sets.  

Modifying the relativistic recoil factors caused the dcseq distributions to shift nearer to the 
dcsep, see Figure 1(b) for quarks carrying effective masses and Figure 2 for quarks carrying 
minimum bare masses. Due to the shift, intersections were observed. The energy intersections 
between dcseu and the generated dcsep from different form factor fitting were around the 
extrapolated value of 407MeV2 to 450MeV2 except for gdf which is beyond 7GeV2. For dcsed, 
the energy intersections with dcsep occur beyond 1GeV2 except for the ones generated by gdf 
which register around 183MeV2. In order to provide a range for the bare mass estimate of the 
quarks, their minimum and maximum values from MS scheme were used as inputs for this 
test. 

Table 4. Low energy intersections of dcsep and dcseq in MeV2 with bin size of 1 MeV2. 

Quark mass dff  pft  bgf gdf aff 

u bare mass 
min (ms) 

428.00033 450.00017 407.00002 > 8000.00000 349.00016 

u bare mass 
max (ms) 

428.00032 450.00016 407.00003 > 8000.00000 349.00015 

dbare mass 
min (ms) 

1037.00000 1171.00025 1051.00015 183.00000 1272.00005 

dbare mass 
max (ms) 

1037.00001 1171.00027 1051.00016 183.00000 1272.00004 

ueffective mass 324.00009 338.00005 297.00001 > 8000.00000 226.00013 

deffective mass 953.00003 1075.00014 962.00015 534.00004 1093.00004 

ubare mass min 
(lqcd) 

428.00033 450.00017 407.00002 > 8000.00000 349.00016 
ubare mass 
max (lqcd) 

428.00033 450.00017 407.00002 > 8000.00000 349.00016 

dbare mass min 
(lqcd) 

1037.00001 1171.00026 1051.00016 183.00000 1272.00005 

dbare mass 
max (lqcd) 

1037.00001 1171.00026 1051.00016 183.00000 1272.00004 

 

Table 5. Corresponding dcs (barns) intersections of ep and eq-scatterings in Table 4. 

Quark mass dff (x10-4) pft (x10-4) bgf (x10-4) gdf (x10-4) aff (x10-4) 

u bare mass 
min (ms) 

3.61778 3.42626 3.82414 < 0.10935 4.51368 

u bare mass 
max (ms) 

3.61775 3.42622 3.82410 < 0.10935 4.51363 

dbare mass 
min (ms) 

0.33880 0.29505 0.33375 2.24898 0.26820 

dbare mass 
max (ms) 

0.33880 0.29504 0.33375 2.24889 0.26820 

ueffective mass 6.56931 6.24876 7.29239 < 0.10959 10.07049 

deffective mass 0.43926 0.37751 0.43419 0.89979 0.36976 
ubare mass min 
(lqcd) 

3.61778 3.42625 3.82413 < 0.10935 4.51367 

ubare mass 
max (lqcd) 

3.61777 3.42624 3.82412 < 0.10935 4.51366 

dbare mass min 
(lqcd) 

0.33880 0.29505 0.33375 2.24895 0.26820 

dbare mass 
max (lqcd) 

0.33880 0.29504 0.33375 2.24892 0.26820 

 

(a) (b) (c) (d) 
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The extrapolated energy intersection of dcsep generated from aff with the modified dcseu 
carrying the minimum bare mass is 349.00016MeV2 and this is greater than that of the 
modified dcseu carrying the maximum bare mass at 349.00015MeV2; their respective 
extrapolated dcs intersections were at 4.51368x10-4 and 4.51363x10-4. The extrapolated 
energy intersection of dcsep generated from aff with the modified dcsed carrying the minimum 
bare mass is 1272.00005MeV2 and this is greater than that of the modified dcsed carrying the 
maximum bare mass at 1272.00004MeV2; their respective extrapolated dcs intersections were 
both at 0.26820x10-4. For quarks carrying effective masses, the extrapolated energy 
intersection of dcsep generated from aff with the modified dcseu is 226.00013MeV2 and this is 
less than that of the modified dcsed at 1093.00004MeV2 with respective dcs intersections at 
9.83012x10-4 and 0.36743x10-4. For quark masses calculated from Lattice QCD, the 
extrapolated energy intersection of dcsep generated from aff with the modified dcseu carrying 
the minimum and maximum bare masses were both at 349.00016MeV2; their respective 
extrapolated dcs intersections were at 4.51367x10-4 and 4.51366x10-4. The extrapolated 
energy intersection of dcsep generated from aff with the modified dcsed carrying the minimum 
bare mass is 1272.00005MeV2 and this is greater than that of the modified dcsed carrying the 
maximum bare mass at 1272.00004MeV2; their respective extrapolated dcs intersections were 
both at 0.26820x10-4. All intersections are summarized in Tables 4 and 5. 

Conclusions and Recommendations  

Indeed, a device to estimate the range of quark masses for u and d via the elastic ep-scattering 
at low momentum transfer can be possible by generating dcsep data sets from form factors 
and comparing them to the modified dcseq, where q is either u and d, wherein the proton mass 
is a parameter. The theoretical dipole form factor and some form factor fitting models used in 
experiments such as the polarization transfer fitting, Bosted global fitting, global data fit and 
their average were used to generate the dcsep. The dcsep, dcseu and dcsed would have been 
independent of each other without the modification of the relativistic recoil factor since they 
do not possess a critical intersection that could be exploited. By using the mass of the proton 
into the relativistic recoil factor of the spin-averaged eq-scattering, the dcseq distribution was 
shifted closer dcsep and thereby increasing the possibility of intersection. Materializing the 
proton mass as a parameter, intersections were observed within the low energy regime by 
using the experimental quark masses as inputs. These intersections were summarized in 
Tables 2 through 5. Once established, these intersections can be used on experimental elastic 
ep-scattering data in order to estimate the masses of u and d, as well. Using most, if not all, data 
from actual experiments, a global range of u and d can be estimated. For the estimation of 
effective quark masses, both the intersections of the raw and modified dcseq have to be used 
simultaneously. One of the things to be done in making the intersections formidable would be 
incorporating additional form factor fitting models and to integrate the results of the actual 
experiments as they come. Generating the dcs with much smaller bin sizes is recommended to 
give a more precise measurement of the intersections. Also, choosing the optimum coefficient 
parameters for gdf could lead to a better result. Although the protons are measured in a 
multitude of ways, but more precise mass ranges of u and d are led by the precise 
measurement of its mass being the parameter of the test. The accuracy of the results can also 
be improved by generating even more events and considering more scattering angles. All of 
these recommendations, however, would entail much more computing power. 
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Abstract  

The article studies the properties of interior color schemes and finishing materials in 
order to find optimal combination for improving indoor conditions in higher 
education study room and to contribute to better educational process. Optical, 
physical, physiological and emotional properties of colors and materials are 
compared to living and study requirements in the context of their complexity. 
Recommendations for appropriate combinations of finishing materials and colors are 
given. 

Keywords:  higher education, interior color, interior material, study room, living comfort 

 

Relevance 

Higher education study is a complex process. Existing facilities rarely meet the contemporary 
comfort requirements and are not designed toward providing conditions supporting properly 
the multiple tasks of study process. Prospects for using the research results are creating color-
material combinations for high education study room in order to improve study process for 
both students and lectors. 

The goal of this research is to define optimal combinations of interior covering materials and 
color schemes to provide alternative solution to interior comfort requirements regarding 
study process in higher educational facility in Sofia, Bulgaria. In the article study room 
exploration period and color design are analyzed. Optical, physical, physiological and 
emotional properties of colors and materials are studied regarding the way they alter human 
perception about the space and its elements. 
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1. Introduction  

Researches on color in architecture date from the very early written sources up to nowadays 
[16]. Studies on color impact upon temperature perception date back from 60-ies of 20-th 
century [8]. Studies of interior materials imoact upon inhabitants date back to the 90-ies of 
20-th century [19]. Studies about contemporary education specifics and new kind of space 
organization it requires, including comfort levels. Researches about finishing materials study 
the way they improve interior thermal, light and acoustic comfort, regardless of color scheme. 

Color studies can be categorized by their duration, by the way they are held, by the studied 
subject, by selected target group, by studied activities and by the results. 

There are few studies of the role of study room color-material combination as a means to solve 
the complex task improving indoor comfort and study and creativity process as well. 

1. Study room analysis  

1.1. Higher educational process changes  

Higher education system is undergoing qualitative changes affect the students and the process 
of studying [1]. Results of the process are to be specialists technically and emotionally 
intelligent [3]. Though technologies development raises a discussion about necessity of 
physical space for studying process, there are solid arguments in favor of physical presence 
[4]. However great part of higher education facilities is built in earlier periods and organized 
for different educational system and processes. Meeting the new study process requirements 
raises the need for new kinds of spaces and organization. Based upon the trend for sustainable 
development outlining resource and economical shortages new buildings are not always 
possible solution [6]. Revitalization and modernization of existing ones becomes a priority [7].  

Two main groups of contemporary requirements can be identified. Building constructions are 
expected to meet contemporary requirements for energy efficiency, environmental-friendly 
materials and technology-supporting qualities. 

 Study environment is expected to provide the necessary conditions for the ongoing processes 
including thermal comfort, air quality, light comfort, acoustic comfort, learning and 
information assimilation, problem solving, recreating and socializing. 

In addition to conventional approaches, alternative developments are also considered. Such is 
the application of colors and materials according to their optical, physical, physiological and 
emotional properties.  

1.2. Higher education study room analysis  

Permanent inhabitants are students (20 + persons) average aged about 22 years. 

Temporary residents re lecturers and assistants, time of stay and age vary. 

Activities vary from lecturing, practical exercises, self training to socializing and recreating. 

The combination of various activities and occupants requires combined approach towards 
ÉÍÐÒÏÖÅÄ ×ÏÒËÉÎÇ ÁÎÄ ÓÔÕÄÙ ÅÎÖÉÒÏÎÍÅÎÔ ɍυɎ ÁÎÄ ÍÅÅÔÉÎÇ ÉÎÈÁÂÉÔÁÎÔÓȭ ÐÒÅÆÅÒÅÎÃÅÓ ɍφɎȢ 
Significant amount of objective and subjective factors are to be taken into account in order to 
create optimal comfort. 
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Period of active use is 2-8 hours per day, average 5 days in a week, from September to June. 
No or seldom incident use in July and August. 

Fig.1 displays that periods of active visiting of study room coincides with weather periods of 
lower temperatures and predominant cloudy.  

 

Fig.1 Monthly visiting activity compared to weather data for a year period (data source: 
ÈÔÔÐÓȡȾȾ×××ȢÍÅÔÅÏÂÌÕÅȢÃÏÍȾÂÇȾ̃̑̆̍̆̓̏ȾÈÉÓÔÏÒÙÃÌÉÍÁÔÅȾ×ÅÁÔÈÅÒÁÒÃÈÉÖÅȾ˞̠̏̉̕ͺÒÅÐÕÂÌÉË
a-bulgariya_727011) 

ψσϷ ÏÆ ÔÈÅ ÉÎÈÁÂÉÔÁÎÔÓ ÒÅÖÅÁÌÓ ÁÄÍÉÔ ÔÈÁÔ ÓÔÕÄÙ ÒÏÏÍÓ ȰÆÅÅÌȱ ÃÏÌÄ ÁÎÄ ÄÁÒË Íore than half of 
the time. Conclusion is that priority should be given to improving heat and light comfort. 

Since the building is insulated with 10 cm XPS, colors and materials should be considered as a 
means to alternate heat and light comfort perception of the inhabitants.  

1.3. Higher education study room color design analysis  

The comparison illustrated in table 1 reveals that the application of colors according to those 
properties that contribute to increasing the comfort of the occupants does not appear in the 
traditional color scheme of a study room. 

Table 1. Comparison of traditional study room colour design with modern requirements 

Modern requirements Traditional colour design 

information about surrounding objects, 

functional zones marking  

 information about surrounding 
objects, 

 functional zones marking 

aesthetic value  aesthetic value 

symbolic meaning  - 

according to the perceptions and preferences 

of inhabitants  

 - 


